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Abstract

This report summarizes hand and arm dimensional, clearance, and strength
data of 27 adult males wearing the A/P22S-2 full-pressure suit. Thirty-six measures
were obtained under each of three conditirns: bare-handed; gloved and un-
pressurized; and gloved and pressurized. The data are both summarized for all
subjects and reported independently by glove size wom. Uses of the data are
suggested and specific design values recommended.
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CLEARANCE AND PERFORMAINCE VALUES
FOR THE BARE-HANDED AND THE PRESSURE-GLOVED OPERATGR

Section |.
INTRODUCTION

This report quantifies spatial dimensions and performance decremants for 36 hand and arm
positions an acticns whiie wearing a full-pressvcre suit, both uninflated wod inflated, and presents
design criteria to help overcome the handicap.

One of the major probiems in flying space vehicles or certain aircraft when the mission re-
quires prolonged ight above 50,000 feet is restricted mobility caused hy the full-pressure suit.
In general, any hard covering lowers & man's maximum potential for petforming certain manual
operations; but, the full-pressure suits create severe decrements in hand mobility and an increase
in the arca occupied by the hand through the bulk of the glove. More than a decade of develop-
ment has improved, but has not eliminated, the probiem, nor, to my knowledge is there any thing
present’y: in the design stage that will permit full hand flexibility and dexterity, and significantly
decrease the volume of the hand covering.

Previous studies on the manual work capability of pressuresuned operators have been di-
rected into two avenues of -~search. The first of these is largely concerned with the combined
efects of pressure suits ceduced gravity environments upon an operator. This research has
dealt primanly with the .ems of extravehicular activity required f ssironauts during space
missions. Streiner review. . iese studies in his paper, The Effect of Reduced Cravity and Presmre
Suits Upon Operator Capability ( Streiner, 1965).

The other type of research concerns the evaluation ef various Air Force and National Aero-
nautics and Space Administration operational and developenental pressure suits and peessure gloves,
ineluding the A/P225-2 A/P225-2A, A/P23S4, N-20, the NACS senies, G4C, AXSH, the MD
sevies, and the MOL series.! The rescarch ircludes anthropometric measures of suit and glove
ballooning. {i.e.. the increa<e in size and changing conBguration of the gannent when inflated to
varicus prexsurcs) and simple manual dexterity tests hike the Purdue Peghoard, which have been
used to compire hand desterity of pressure-suited subjects wearing inflated and uninflated gloves.
Laboratory tests of this type have little practical systems design value for they are restricted to
a few subjects in static posstions or doing basically “unreal” tasks. Thus, the test results from a
single subject on the Pundue Peghoard Text, where a man is required to pick up ind manipulate
very small pegs (1 by @125 inches), wathers {8.36%inch od by 0.150inch id ). and collars (0.250-
inch by 0.150-inch id). have little valie to a human factons engincer designing for & task that
requires operators of varied sizes and  tills to manipulate cortamn items. The designer lowras that
a subject caanat handle the very umall items with miuch speed o1 aecuracy, but he does not learn
what range of sires the entire potential using population can handle efectively.

This study was initiated to study the eficcts af werring presure gloves oo wlected manipu-
lative skills and the spaces required to accammodate the presure gloed hand. The questiors to
be answered were:

1Fer pubbabhed dite tee Cillespsw 10R), 1ORS, Purvce 1052 Bk 1954 ond Walk 1084 UnpnBiched data have
bowns compded by Meserr M Alerasier, ). Carvett, tnd K Kensedy of the 2 whvopilogy Besach, Aeccapace
Medial Fearesch Latpratorien, Werght Pettermaa AFD, Olw 43433
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1) What are the spatial requirements of a pilots hand in a bare-handed condition, while
wearing an uninflatad full-pressure glove, and while wearing an inflated (3.5 psig) full-pressure
glove?

2) What are the performance dectements for certain types of manual capability; that is, in
torque potential, gripping power, and ability to rotate the hand, wrist and arm under the same
three conditions as above?

3) What criteria can be established for the design of controls, handles, and apertures that a
pressure-suited man is cxpected to operate or penctrate with his suit either uninflated or inflated?

Thirty-six anthropometric and bivnechanicsl dimensions were selected. Each dimension was
selected to provide speaific data for a clearance prublem, control design, or control placement.
Many of those selected are basic to standard design criteria for barehanded operation as pre-
sented in Chapters 8 2nd 8 of the Human Enginecring Guide to Equipment Design (HEGED)
{Morgan et al, 1563}, Each of the 38 dimensions is described in this repert on separate pages,
verhally and pictorially. Included are technical definitions for anthrepologists and more general
definitions for the design engincer. Also given are summary statistical data, percentage of value
change (both as a funciion of the individual differences and of the differences of the means)
between wearing uninflated a0d inflated gloves and the barehanded condition, and the complete
range of values for wearers of each sive glove. In addition, human engincering spplicatisns and
specific design recommendations are presented.

As only s few of these dimensions had been taken during conventional anthropometric sur-
veys, it was necessary to produce several new measuring instruments. These were constructed of
common materials and equipment so that they may be duplicsted with minimal effort if desired
and arc described in the appendi.

Three standard anthropemetric dimensions of the hand (Hand Length, Hand Breadth and
Hand Circumference), plus Weight and Stature were measuced to compare the 27 subjects used
in this study to 2420 Air Force rated penonrel measured during » 1957 snthropometric survey of
Air Force persoanel This comparison is showa ia table 1.

TABLE 1
COMPARATIVE DATA

N=2 N =240
Meaa sD Mean Y]

Stature 152cm. 6801ia  Bllem.219in 17T Mom 0082  &0cmlédia
Weigh? Te.0hg 163250 11.76kg. 25651 75Xk 17300 GISkg. 214 Ds
mh 1938 T8in 110 08Sin  Isllem752ia® 0&lom0Rin
Hand 854cm.d48in 0SS 022in 60cn 150k 042cm.018ia
Beeadth
Hand NUm 83w 1.3¥om.054in 2185cm. 845ia  09cm 0.3Tin

Ciarcumference

*On s wraple, Hend Lragth wer mesasrnd @ Stylua Laadoust to Dartyioe
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Measurements were taken of each of the 38 dimensions under three conditions on each sub-
ject: 1) barehanded and suited; 2) wearing an A/P22S 2 full oressure suit and gloves but no
helmet; and 3) wearning the entire A/P225.2 full pressure ensemble inflated to 35 psig. All meas-
ureinents were taken cn the subjects’ nght hand. A recent article {Laubach and McConville,
1967) has demonstrated the impracticability of considenng right versus left hand anthropumetric
differences. This asticle reports right versus left hand mean differences of Q.01 cm (0.004 in) in
Hand Length and 0.03 «m (0012 in) in Hand Breadth. From a design viewpoint, 1 would sug-
gest these represent no significant pradtical difterence.

Eacl: dimension was taken in the sume position for all subjects during cach of the three condi-
tions. The subject was seated in ¢ B-47 downward cjection seat with scat black and back support.
Restraint was provided by a shoulder hamness and Lap belt. There is no special sigmificance in the
247 seat, it merely was available and provided a standard seat for all tests. A 30-inch high table
was used when required. The mtation and torque indicators were always placed on the table
just above the subject’s right knee. Data ullection was accomplished at the 4756th Physiological
Training Flight, Tyndall AFB, Florida, during the spring and summer of 1997. Beciuse of the
great difficulty in obtaining access to a complete size range of A/P22S-2 suits and gloves and of
the time involved in donning, adjusting and dothng a full-pressure suit, it was expedient to test
only two suhbjects in each glove size. An additional subject was tested in a onail glove (Size B),
another in a medium glove (Size E ), and another in the largest glove (Size L). This constitutes
& total sample of 27. The A/P228.2 full-pressure gloves (Bgure 1) were Btted according to the
operational sizing chart, table 1.

TABLE 1L

A/P225-2 FITTING CHART {GLOVES)
Inches — (Centimeters)

Then Glove
If Hand Circumference is and Hand Length is Size is
T4 (19.77) — o below 6% (1683) to 7* (17.78) A
Tt (18.10) to T (19.03) B
™ (1937) 08 (2032) C
8 (2032) to 8% (21.27) 6% (17.15) to T (18.10) D
T (18 42) o T (19.69) E
T (A100) to 8% {20 96) F
5% (2153) to 8% (22354) TOIT I8 e TR (187]) G
Th {1905) to T (20.00) N
§ (W32 teS%{21.27) i
9 (2255) — and above Tt (1810} 1o T (1905) i
Th(1937) e 5% (D64) s
S (2D 98 o aburve L

*la coreatnmal Siting, the Trasavonents a0¢ Liiea to the coutvet by onch

Fach subjoct wore huis cosvect sl wae Btied sooarding to the operational uazing chart, table
itl fallowing.
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TABLE IIL
A/P2S-2 FITTING CHART

If Weight is and Helght s
b inches—(centimeters) then Suit size iy

195- 149 83 (160.02) - 67% (171.45) Small Regular
125- 149 87% (171.45) - 72 (182.88) Small Long

150. 174 64% (183.83) -69 (175.28) Medium Regular
150- 174 69 (175.28) - 73% (186.69) Medium Long
175- 199 86 (167.64) - 70% (179.07) Large Regular
175. 199 70% (179.07) - 75  (190.50) Large Long

200 - 224 7% (17145) -72 (182.88) X-Large Regular
200 - 224 72 (182.88) -76% (194.31) X-Large Long

Each suit size was wom by at least one subject.

The A/P22S-2 is the current USAF operational full-pressure suit (figure 2). It is described
in detail in the Air Furce Technical Order 14P3-8-81, dated 1 June 1964. The suit is constructed
to Military Specification MIL-F-27628 (USAF) and the gloves to MIL-G-276850A (USAF). It is
hoped that the engineering anthropometry data presented here may, wath suitable alteration to
reflect changed design features such as seam patterns or restraint configurations, be useful when
the A/P22S-2 assembly is replaced in the Air Force inventory.

A listing of the 27 subjects and their pertinent anthropometric data are pressnted in table IV
Al subjects were nourated airmen stationed st Tyndall AF8, Florida.

"The correlation coeflicients for certain basic anthropometric dimensions are as follows: (all

barchanded )
N=27
Height a:d Hand Length 0.783
Weight and Hand Length 0.587
Height and Hand Circumference 0.517
Weight and Hand Circumference 0.733

Hand Length and Hand Circumference 0.571

The relationship between the size of a man’s hand and the size of his body is not great enough for
an accurate prediction of an individual's glove size from his height and weight. Therefore, the en-
tire range of performance values for wearers of each glove size fur each dimensior is given graph-
ically in the c'ata section to provide data for any special design problem that may arise. The
change in the data range is not necessarily consistent as one goes up or down the glove sizing
range A designer must take special care what values he incorporates into special design solutions.
Values for ylove size D are not necessarily greater than those for glove size B, nor are they neces.
sarily less than values for glove size K.

et i STt .




Various explanaticas account for certain of thes: appareat inconsistencies. The primary resson
runnir.g through the entire series of dimeusions lics ir the system which serva: as sizing and btting
criteria for the gloves. Because the relationship between hand length and haud circumference is
not great (correlation coeffcient 0.571), the glove siziny program is based on an overlapping
series of pairings with three hand lengihs paised to cach of four hand circumferences. This pro-
duces 12 alphabetized sizes predicated on anthropometnic data. Sec table 11, Thus, the four sizes
C,F,L,and L are actually the longest gloves in the series. As there are only 12 sizes, the actual
fitting of a population coustitutes a spectrum of hand sizes within each glove size; some men
barely fitting into the particular size range, some near the middle, and others near the upper
limits. Each man will £t differently, but still satisfactorily within the conditions of the 1%.size
system. With different fit, various levels of motivation, and basically different manual manipu-
lative skills for each man, it is not unreasonable that most performances will vary sumewhat even
when two or more men wear the same size gloves.
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TABLE V.

ANTHROPOMETRIC DATA OF THE 27 SUBJECTS

{Pounds and Centimeters)
Subject Hand Hand  Pressure Pressure
Number  Age Height  Welght  Length Circ. Glove Size Suit Size

1 24 155.2 110 182 189 A Sm. Reg.

2 20 165.9 128 179 19.5 A Sm. Reg

3 b4 ] 1675 139 19.0 20.3 B Sm. Reg,

4 22 1770 188 183 19.8 B 1g Reg.

3 al 1745 183 19.0 20.3 B Lg Reg.

6 2 175.1 145 194 185 C Sm. Loug

7 22 1742 147 195 19.6 C Sm. Long

8 A 1739  bad 18.0 20.3 D Sm. Long

9 A | 1682 152 182 21.2 D Med. Reg.
10 bl 1746 157 19.2 20.4 E Med. Reg,
i1 20 1846 127 194 20.5 E Sm. Reg.
12 22 1720 155 104 07 F Me<. Reg.
13 20 1798 150 20.0 204 F Med. Long
11 43 1778 178 ' 2135 F Lg. Keg.
15 A 164.8 161 186 218 G Med. Reg.
18 20 184.1 144 187 216 G Sm. Reg.
17 23 1733 168 190 216 H Med. Long
18 21 1744 149 19.4 216 H Sm. Long
19 20 1831 163 21.0 218 | Med. Long
20 2 184.0 191 02 2.7 H Lg. long
2 39 1700 212 185 232 ] X-Lg. Reg.
2 2 1814 i 162 2.1 ] Lg. Long
2 21 183.8 188 203 228 ' Lg Long
U b 14 1702 182 197 S K Lg Reg.
25 2 1842 1 212 229 L Lg Long
20 10 1830 205 213 2.4 L X-Lg. Long
27 k7] 1823 188 211 233 L Lg. Long

e




The design criteria recommendations are Sth or 85th percentile values roundsd to the nearest
0.25 inch, for the largest/highest or smallest/lowest measurement. A claric example will suffice
to illustrate the principle involved. A cockpit canopy must be high enough te allow most, if not
all (here arbitrarily 95%), of the pilots to sit comfortably without striking their heads. Panel con-
trols must be located close enough to the seat to allow most, if not all, (again here arbitrarily 85%)
of the operators to reach them. The canopy height is thus fixed at a distance above the seat at
least equal to the sitting height of 95% of the pilots, a 95th percentile value for sitting height; and
the control is placed within the distance from the seat back that is equal to the arm reach of 5%
of the pilots, a 5th percentile value for arm reach. In this way, 95% of the using population can
both sit comfortably in the closed cockpit and at the same time reach he controls.

The range of values for each glove size must be looked at for those specific problems where
the 5th-85th percentile figures are not applicable, as interpolation between percentiles can pro-
vide erroneous information.

The design recommendations contained in this report provide data oa the limits beyond which

a men cannot perform, not at what point he performs best. Optimal design criteria can be estab-
lished only through additional psychomotor and psychological testing procedu: =«.
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HAND LENGTH

" {
:— :_z ot '

" Mpgantwingn.

— .
A N \,.:
\\ %\\' " ‘ !
Subject’s right hand is extended, b
palm up. With the bar of the MR fg
sliding caliper lying along his ~ .,
palm, measure the distance from - . . S
the wrist crease to the tip of the e . ]
longest finger. s ' 3
) :
."‘\(—i

ANTHROPOMETRIC DATA (N=27)

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition & Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition ] Condition 2 Condition 3
X 19.38 em; 783 in. 19.84 cm; 7.81 in 18.70 cm; 7.78 in.
SD: 118 om; 0.45 in. 1.22 cm; 0.48 in. 1.39 cm; 0.55 in.
\U 598 a4 101

$The coeficiont of vartation expresses the standand devisting a3 a perventage of the mees.
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HAND LENGTH

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES?

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and i ~s.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

3The percentile values for & pasticular set of data are treated as though plotted on pormal-probability graph paper,
and a smooth curve fitted tm points by conventicaas curve-fitting procedures ( Hertzberg et al, lQ&Xh [ {‘3

Condition 1 Condition 2 Condition 3
Centirreters Percentiles  Inches Centimaters Percendiles  Inches Centimeters Perarntiles  Inches
an S TH 837 21.72 85 TH 855 203 6 TH 867
21.00 9 TH 827 2153 90 TH 848 2169 90 TH 834
20.69 85 TH 8.15 21.30 85 TH 8.39 21.30 85 TH 8.39
2042 80 TH 8.04 21.08 80 TH 8.30 20.96 80 TH 825
20.17 STH 79 2).88 75 TH 821 2065 75TH 813
19.95 70TH 788 20.65 70 TH 813 2038 T0TH 802
19.75 68 TH 1778 20.44 6 TH 805 20.13 6GTH 793
19.58 60TH 771 20.24 60TH T9 1992 6 TH 784
19.4]1 55 TH 764 20.04 SSTH 789 1972 SSTH 1776
1926 SOTH 758 19.84 50 TH 781 19.54 SOTH 17169
19.12 £ T 153 19.65 &S4TH 113 19.37 4TH 18
18.99 4OTH 148 19.45 OTH 766 19.22 OTR 157
18.87 IBTH 74 19.26 I3TH 1758 19.08 ISTH 751
18.75 J0TH 138 19.08 OTH 17150 1894 WTH 1145
18.63 BSTH 1% 18.87 B TH 1.4 18.79 STH 740
18.51 0TH 7129 18.68 20TH 135 18.63 DTH 134
18.37 ISTH 7123 18.49 ISTH 728 18.3 ISTH 728
18.18 10TH 715 18.3 1I0TH 722 18.12 10TH 114
17.73 $TH 608 1829 STH 120 1742 STH 6588
Percentcge Increase of the Perceniage Increase of the

Individual Differences (Averaged) Means
Condtion 1 a2 B Condution | ar Base
Condition 2: 2.43% Condition 2: 237%
Condition 3: 1.71% Condition 3: 1.65%

11




HUMAN ENGINEERING APPLICATIONS

For — 1) Comparison with publithed large anthropometric survey data or data from a pertinent
2) Access of the entire hand into & receptacle
3) Location of finger tip cootrols in depth of receptacle

DESIGN CRITERIA

Number of inches noctssasy to include or sccommodate approximately 95% of USAF rated
persoanel:

Barehanded Unpressurized Pressurized
Foulppmliﬁtm 634 in. 7 in. 6% in.




Range of Values for
Hand length per Glove Size

inches {cm)

6.00 6.50 7.00 7.80 8.00 a50 .00 9.50
(15.24) (16.51) (i7.78) (190%) {2012) (21.9} (22.86) (24.13)

leLove size
[ R R R ¢ |
A booo-b-—
—
——i|
. F-----‘
—4
H
[4 F‘
H—
4]
o -~
—
]
€ e A s
> —
by e —
F -
'Li
14
. H
—t
M4
" =4
b+
H--4
' *4
H—
. —-H
i
H
— =q
« t-—-d
— . — BASEHANDED ]
L ~ = == UNPRESSURIZED L R -4
———— PRESSURIZED \
13

b = 4




HAND LENGTH;

THUMB - FOREFINGER

~— ~T "
' /
Subject’s right hand is extended, : n
the tips of the thumb and fore- | . A
finger lightly touching. Holding L
the bar of the sliding caliper . ¢
panallel to the long axis of the
thumb, measure from the wrist \
crease to the farthest point of
digit 2
i
“
*
L.— e [WON GFEN

ANTHROPOMETRIC DATA (N=27)

Coandition 1: Subject wearing unpressurized suit but barehanded.
Coadition 2. Subject wearing unpressurized suit and gloves.
Coadition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
X 1188 com; 463 in 1327cem; 52200 1350 an; 531 in.
S 1.02 cm; 0.40 o, 119 cm; 047 in. 1.18cm; 0.48 in
V. 862 9.00 874
Y




HAND LENGTH; i
THUMS - FOREFINGER _.I -

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Condition 1: Subject wearing unpressurized suit but barebanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Coudition 3: Subject wearing suit and gloves pressurized to 35 paig,

Condition 1 Condition 2 Condition 3
Centimeters Poveentiles  Inchas Centimeiers Peveewsiien  Inches Centimeters Porcontilon  Inchee
1370 STH 539 15.58 SSTH 612 15.64 S TH 4&ls
1328 8TH 52 15.00 9 TH 591 148 S0 TH 590
1292 8 TH 509 1457 & TH 5N 14.62 8TH 57
1265 80TH 498 1423 80TH 560 1437 8 TH 568
124 T5TH 489 13.94 75 TH 5489 1417 TSTH 558
1295 70 TH 482 13.70 70 TH 540 14.01 70 TH 552
12.09 6 TH 478 13.50 8 TH $.J31 1367 S TH 348
11.68 GOOTH 47 1332 0TH S5U BN GWTH S41
T SSTH 408 1316 S5TH %18 1301 STH 5%
1L SOTH 48 13.02 SOTH s12 1240 SOTH 331
11.85 M TH 458 12.89 4STH 508 138 STH 526
1157 OTH 455 1278 OTH S50 1323 «TH 21
11.49 ITH 4482 1207 ITH 492 36 3ITH Sle6
RN WDTH <40 1258 ITH 4™ 1295 TH slo
1L 25 TH 443 124 85 TH 490 Y278 S TH hY14]
1121 WTH 44 1232 20 TH 485 1257 NTH 485
11.00 1ISTH 435 1218 I3TH 479 1232 ISTH 488
10.78 I0TH 424 11.89 10 TH 468 uwm I0TH 47
100 STH awm nn STH 44 il STH 404
Percentege Increase of the Pevcrniage Incvease of the
Indicidual Differences (Avesaged) Meau
Condition | o0 Base Condition 1 et Bose
Condition 2: 12.00% Condition 2: 1296%
Coadition 3: 1390% Coadition 3: 1172%
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Hand Length; Thumb-Forefinger

A messusement of the length of the hand from the wrist to the
farthest point of the index finger when it is in contact with the
tip of the thumb; the so-called tip ponitica (HECED, op. dit.,
D 568)

HUMAN EMOCINEERING APPLICATIONS

For-1) Eﬂml\vlengtholthehn.ndix gruping operations
2) Determination of length of hand support for those controls which require precise posi-
tioning ( HEGED, op. dt, p. 283)
3) Lacation of cootrcls within an aperture

DESIGN CRITERIA
Nurnber ¢f inches necestary to include or accommodste spproximately 85% of USAF rated
personnel:
Berchanded Unpresmarized Pressuricad
Faalionions 514 in, 6% in. 6Y% in.
Frplaton 3% in, W in. M in.
19
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Range of Values for
Hand Length; Thumb-Forofinger per Glove Size

inches (cm)
350 4.00 4.350 5.00 8.50 8.00 6.30
(899) (10.16) (11.43) {12.70} (13.97) (13.24) (1.4)
1
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HAND BREADTH;
METACARPALE

) N ¢

“. o
Subject’s right hand is extended, . ALY
palm up. With the bar of the P . . ]
sliding caliper lying across the LT ‘
back of his hand, measure the o
waximum breadth across the dis-
tal ends of the metacarpals
(knuckles).

s siniiodd

ANTHROPOMETRIC DATA (N=27)

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing w:pressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2 Condition 3
X 8.84 cm; 3.48 in. 9.59 cm; 3.77 in. 952 cm; 3.75 in.
SD: 0.55 cm; 0.22 in. 0.80 cm; 0.23 in. 0.66 cm; 0.28 in.
V%: 6.21 6.21 6.96
18
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HAND BREADTH;
METACARPALE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing vs:pressurized suit but barehanded.

Condition 2 Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2
Centimeters Percentiles  Inches Centimeters Percentiles
0.68 g5 TH 38 10.58 85 TH
9.63 90 TH 37 1047 90 TH
9.51 85TH 374 10.32 85 TH
3.38 80 TH 369 10.18 80 TH
.27 75 TH 3865 10.05 75 TH
2.16 70 TH 381 9.93 70 TH
0.08 6 TH 357 9.82 8 TH
897 60TH 353 9.72 60 TH
8.89 855 TH 350 9.63 55 TH
8.81 S0 TH 347 9.54 50 TH
874 45 TH 34 9.48 45 TH
8.67 40TH 341 9.39 40 TH
861 35TH 339 9.31 a5 TH
854 JOTH 338 9.23 30 TH
8.48 STH 3M 9.16 25 TH
842 20TH 331 9.07 20 TH
834 1I5TH 328 897 15 TH
5.22 10TH 1A 8.82 10 TH
R $STH 1M 8.50 5STH

Percentoge Increase of the
Individual Differenres (Averaged)
Condition | as Ban
* Condition 2: 8.63%
Condition 3: 7.81%
19

Condition 3
Inches Centimeters Pecentiles
4.16 10.55 85 TH
4.12 1048 90 TH
4.08 10.3% 85 TH
4.01 1023 80 TH
3.96 10.11 75 TH
3ol 9.99 70 TH
387 9.87 65 TH
383 9.76 30 TH
KWt} 0.64 5 TH
3.76 9.53 50 TH
an 942 45 TH
3.69 9.31 4 TH
.67 9.20 35 TH
364 9.09 0 TH
361 398 25 TH
357 8.58 20 TH
a5 874 15 TH
347 861 10 TH
335 850 5TH
Percentage Increase of the
Mears
Conduwn | a2 Beme
Condition 2: 8.48%
Condirtion J: 7.09%
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Hand Breadth; Metacarpale

A standard anthropometric measurement across the widest bony
part of the flat, stretched hand; not including the thumb

HUMAN ENGINEERING APPLICATIONS

For - 1) Comparison with published large anthropometric survey data or data from a pertinent,
specislized population
2) Access of the flattened hand through an aperture
3) Minimum length of handgrips and/or handles

DESIGH CRITERIA

Number of inches necessary to include or accommodate approximately 85% of USAF rated
persoanel:

Barehanded Unpressurized Presyurized

For spplcation 4 in. 4% in. 4% in.

Falpsilicatfon 3 in. 3% in. 3l4 in.
2




Range of Values for
Hand Breadth; Metacarpale per Glove Size

laches (cm)
230 3.00 180 4.00 450
{6.35) (7.62) {8.89) 110.16) (11.43)
GLOVE SIZE !
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HAND BREADTH;
METACARPALE, MINIMUM

F .
e, '-.- o
\ ;
A .
e
Subject extends and narrows his \ ’@
right hand as small as possible. : 4
Measure the maximum distance A ;

across the distal ends of the meta-
carpals (knuckles) of digits 2-5.

ANTHROPOMETRIC DATA (N=27)
Coundition 1: Subject wearing unpressurized suit but barehanded.

Condition & Subject wearing unpressurized suit and gloves.
Coundition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
X: 833 cm; 104in 9.31 am; 3.68 in. 853 om; .75 in.
SD: 051 cm; 0.201n. 0.52 cm; 020 in. 0.85 an; 0.28 in.
V%: 8.07 556 055 '
2




HAND EREADTH;
METACARPALE, MINIMUM

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves,
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2 Condition 3
Centimeters Percentiles  Inches Centimcters Percentiles  Inches Centimeters Percentiles  Inches
8.4 % TH 364 1013 O5TH 39 1081 O65TH 418
9.02 80 TH 355 10.11 80 TH 388 1057 90OTH 418
891 8 TH 351 898 8 TH 383 1044 S85TH 411
8.82 80 TH 347 985 80 TH 388 1029 80 TH 405
875 TSTH 345 972 73TH 383 1015 75 TH 400
869 70TH 342 960 T70TH 378 1000 T0TH 354
8.63 65 TH 340 949 6 TH 374 988 65 TH 389
857 80TH 337 839 6TH 370 875 G@TH 384
851 S$STH 335 830 S5TH 366 863 S5TH 378
8.44 50TH 332 9.21 S0OTH 383 951 SOTH 7
837 45 TH 330 913 45TH 360 833 45 TH 370
8.30 4TH 327 8.08 4TH 357 828 4WTH 36
8.22 B TH 3IU 889 3 TH 354 817 J3I5TH 36l
813 BTH 320 883 30 TH 35! 8065 MWTH 356
8.03 25 TH 316 8.6 25TH 349 864 WTH 352
781 20TH 312 880 20TH 346 883 20TH 348
178 I5TH 306 873 ISTH 344 872 I1STH 34
781 I0TH 300 8.63 I0TH 340 859 10TH 338
740 STH 291 841 STH 331 84 STH 33
Percentage Increase of the Percentage Increase of the
Individual Differences (Averaged) AMeans
Condition | as Base Condition | as Base
Condition 2: 11.29% Condition 2: 11.10%

Coudition 3: 13.92% Condition 3: 13.72%




‘Hand Breadth; Matacarpale Minimum

A messure of the smallest possible breadth (width) to which a
man can aarrow his hand

HUMAN ENGINEERING APPUCATIONS

For - 1) Determination of minimum dimensions, here widths, for ingress and egress of the hand
into an aperture
2) The smallest width for placement of the hand anywhere

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 86% of USAF rated
persoacal:

Berehanded Ung ~essurized Pressurized

3% in. 4 in. 4% in.




Range of Values for
Hand Breadth; Metacarpale, Minimum par Glove Size

inches (cm)
3.00 130 400 450 800
{63s) {7.52) (8.89) (10.16) (1L43)
GLOVE SIZE '
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HAND CIRCUMFERENCE;

METACARPALE

Subject’s right hand is extended,

palm down, thumb held away L
from the fingers. With the tape, o
measure the circumference o § M,..zg
around the distal ends of the
metacarpals (knuckles) of digits
2 and 5
P ‘\/"
— it
ANTHROPOMETRIC DATA (N=27)
Coudition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.
Condition I Condition 2 Condition 3
X: 21.24 cm; 8.38 in. 2299 cm; 9.05 in. 24.55 cm; 0.67 to.
SD: 138 om; 0.54 in. 145 om; 0.57 in, 154 cm; 06lin
V%: 641 629 029
28
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HAND CIRCUMFERENCE;
METACARPALE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Conditicn 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimeters Percentiles  Inches Centimeters Percensiles  Inches Centimeters Percentiles  Inches
23.38 8 TH 920 2554 95 TH 1008 z7.01 % TH 1063
23.35 80 TH 319 2499 90 TH 984 28680 90 TH 1055
23.04 8 TH 907 2483 & TH 970 28649 85 TH 1043
2271 80TH 8% 2434 80 TH 9538 2618 80 TH 1031
22.39 HTH 882 2408 T75TH 948 2587 T35 TH 1010
210 70TH 870 2384 7TH 638 2557 T0TH 1007
21.82 65 TH 859 23.61 6 TH 929 2528 65TH 9.9
2157 60 TH 849 23.38 60 TH 9.20 25.00 60 TH 9.84
21.34 S55TH 840 2316 55TH 912 2472 S5TH 97
2113 50 TH 8.32 2204 50 TH 9.03 UM S0 TH 9.62
2094 45 TH 824 271 45 TH 884 24.17 4STH 952
20.76 40 TH 817 2248 40 TH 8.85 23.90 4O TH 941
20.59 ITH 810 225 3STH 876 2364 3ISTH 931
2042 TH 804 2201 30TH 867 2337 WTH 90
20.28 BSTH 1798 2177 S TH 857 23.11 ISTH @10
20.08 20TH 7181 21.52 2TH 847 22 85 202TH 000
19.89 I5TH 183 21.28 I5TH 838 2260 I5STH 8%
1958 I0TH 171 21.07 I0TH 830 2239 I0TH 88
18.8¢ STH 7. 21.05 5STH 82 2232 STH &7
Percentoge Increase of the Percentage Increase of the

Indwiduai Differences (Avsraged) Means
Coadition ] a2 Base Condition | ar Base
Condition 2: §.28% Condition 2: 8.4%
Condition 3: 15.64% Conditicn 3: 15.58%
«
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 Hand Circumference; Metacarpale

A standard anthropometric measurement of the circumference
around the knuckles of the flattened hand

HUMAN CZNGINEERING APPLCATIONS

For — 1) Comparison with published large anthropometric survey data or data from a pertinent
specialized population
2) Acvess of the hand from fingertips to thumb crotch into an aperture or receptacle

DESIGN CRITERIA
Number of inches necessary to include or sccommodate approximately 85% of USAF rated
perscanal:

Barehanded Unpressurized Prenurized
For spplication % in. 8% in. 8%4 in.
Forapplicens Q. i, 10% in. 10% in.

[- - e - . PO



Range of Values for
Hand Circumference, Metacarpale per Glove Size

inches {cm)
7.00 8.00 9.00 10.00 1LOO
{17.78) {20.22) {22.86) (25.40) {27.94)
SLOVE 8IZE
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HAND CIRCUMFERENCE;
THUMB - FOREFINGER

—— S y
“ : 1

Subject’s right hand is extended
with the tips of the thumb and
forefinger lightly touching. With ;
the tape passing over the distal k
ends of the metacarpals

(knuckles) of all five digits, . /
measure the circumference of the ) 1
hand.

ANTHROPOMETRIC DATA (N=27)
Condition 1: Subject wearing unnressurized suit but barehanded.
Coodition 2 Subject wearing unpressurized suit and gloves.
Coodition 3: Subject wearing suit and gloves pressurized to 1.5 paig.

Condition 1 Coadition 2 Condition 3
x: 3% cn; 10T in 2887 om; .37 in. AT em 123t in
SD: LT em; 070in 165 cin, 06Sin 153, 0M0in
Ve: e 57 48

X
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HAND CiRCUMFERENCE; -
THUMB - FOREFINGER

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Coadition 1: Subject wearing unpressurized suit but barehanded.
Condition 2 Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimeters Pereentiles  Inches Centimeters Povcendiles  Inches Contimeters Percentiles  Inches
30.97 S TH 1219 3l1s 95 TH 1228 3325 8 TH 1309
2992 90 TH 1178 30.83 S0 TH 1216 3.0 0 TH 1301
2927 8 TH 1152 30.62 8 TH 1205 3290 8 TH 1295
2350 80 TH 1134 30.38 80 TH 1195 71 8) TH 129
28 42 5 TH 1119 30.11 75 TH 1185 3282 STH 1284
2811 TOTH 1.0 29.88 70TH 1175 248 790TH 1278
. 27.84 65 TH 1098 2961 6 TH 1168 229 6 TH 1271
27.80 80 TH 1087 29.35 & TH 1158 200 ®TH 1284
7.3 5 TH 1o 2910 55 TH 1148 3188 SSTH 1255
.17 SO TH 1070 2884 JTH 1135 3165 SOTH 1248
.87 S TH 108 2558 S TH 1125 i3 4STH 12%
2878 4 TH 1034 2531 O TH 111s 12 OTH 1225
25.58 I3TH 1048 2303 3STH 11064 08! ITH 1L
8.3 VTH 1038 s DTH 1032 043 VTH 1200
2.1 ISTH 109 .45 2335 TH 1081 .11 S TH 1155
25.689 20TH 1019 nu 20TH 108 270 20TH 116
2555 ISTH 1008 2884 ISTH 1087 2924 ISTH 1151
2507 0 TH 987 2855 10TH 1045 2874 I0TH 1132
847 STH 351 4841 STH 06 253 STH 1LK
Porcentage Inucrcase of the Peroowiage Increcse of the
Indicidual Dilerencer (Avereged) Meong
Condition | as Bam Condizion | 00 Base
Condition 2: 5.65% Condition 3: 552%
Cooditine 3: 14.60% Condition 3: 1429%
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Hand Circumference; Thumb-Forefinger

A measurement of the circumference of the hand around the
knuckles when the tip of the index finger is in contact with the
tip of the thumb; this is the so-called tip position

HUMAN ENGINEERING APPLCATIONS

For — 1) Determination of the dimensions of apertures and workspace areas designed for occu-
pation by a man's hand in the tip position

2) Location of certain types of rontrols (toggles, rotary switches, etc.) in depth of receptacle

DESIGH CRITERIA
Numbc.r of inches necessary to include or accommodate approximately 95% of USAF rated

persounel:
Barehanded Unpressurized Pressurized
Forapglication 1214 jn. 12¥2 in. 13% in.
For application 912 in. 10%4 in. 11 in.
32
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Range of Values for
Hand Circumference; Thumb-Forefinger paer Glove Size

inches (em)
9.00 11,00 1.00 12.00 13.00 14.00
(22.86) {25.40) (27.94} (30.48) {33.02} (35.58)
GLOVE S1ZE
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HAND CIRCUMFERENCE;
° METACARPALE, MINLMUM

1"

Subject extends and narrows his

right haod as small as possible.

With the tape, measure the cir-

cuniference around the distal ends \\

of the metacarpals (knuckles) of :
digits 2 and 5. N

ANTHROPOMETRIC DATA (N=:27)

Coundition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subjact wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2 Condition 3
X: AT om; 0.8 in. 28.19 cm; 10.31 in. 28.00 om; 11.04 in.
sD: £30cm; 091 in 262 m; 1.03in 2™ em; 1.10in.
Ve 9.5 10.00 0.98
M
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HAND CIRCUMFERENCE;
METACARPALE, MINIMUM

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gioves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condition 2 Condition 3
Centimeters Percentiles  Inches wentimeters Percentiles  Inches Centimeters Parcentiles  Inches
268.87 8 TH 1038 2069 95 TH 11.69 31.4 g5 TH 1257
2885 90 TH 1057 2047 S TH 1160 3171 80 TH 1248
23.54 8 TH 1045 29.24 8 TH 1151 3135 8§ TH 1234
28.16 80 TH 1030 29.02 80 TH 1142 30.96 80 TH 1219
2577 15 TH 1014 2879 TTH 1134 3053 TTH 1202
25.37 70 TH 9.99 28.20 70 TH 11.10 30.10 70 TH 1185
2488 6 TH 98 27153 6 TH 1084 2066 65 TH 1168
24.59 60 TH 0.68 21.05 60 TH 1065 2021 @ TH 1150
%4.21 55 TiI 9.53 28.71 55 TH 10.52 28.74 SSTH 1132
28 S50TH 9638 2838 S0 TH 1038 2827 S0TH 1113
24 S TH 9213 258 45 TH 1017 N7 4S5STH 1083
2308 40 TH 908 2510 40 TH 9.88 2727 4 TH 1074
2687 35 TH 833 U8 B TH 8.82 2074 B TH 1053
22928 30TH 877 247 30TH 9675 2820 3 TH 1031
2187 25 TH 861 2.0 25 TH 9.33 2583 25TH 1009
2145 20 TH 845 2348 20 TH 9.25 2503 20TH 0688
21.02 15 TH 8.28 23.28 15 TH 9.16 U449 15 TH 9.62
20.56 10 TH 8.09 22.60 10 TH 8.90 23.85 10 TH 9.39
20.08 STH 190 2192 5STH 863 2355 5TH (P 1
Percentage Increase of the Percentage Increase of the
Individual Differences (Averaged) Means
Condition | a1 Base Condition 1 as Bare
Condition 2: 10.24% Condition 2: 10.18%

Condition 3: 18.10% Condition 3: 17.92%
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Hand Circumference; Metacarpale, Minimum

A measure of the smallest circumference when the hand is nar-
rowed as much as possible ‘

. HUMAN ENGINEERING APPLICATIONS

For—1) Determination of minimum dimensions for ingress and egress of the hand into an
aperture

2) The smallest spatial envelope for placement of the hand anvwhere

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 85% of USAF rated
personnel:

Barchanded Unpeessurized Pressurized

10% in. 11% in. 12% in.




Range of Values for
Hand Circumference; Mstacarpale, Minimum per Glove Size

inches (cm)
1.%0 9.50 1L80 13.50
{19.05) (24.13) {29.21) {34.29)
GLOVE SIZE ) ! A
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FIST CIRCUMFERENCE

&

Subject makes a tight fist with his
right hand. With the tape passing
over the distal ends of the meta-
carpals (knuckles) of all five
digits, measure the circumference
of the fist,

S

ANTHROPOMETRIC DATA (N=27)

Condition 1: Subject wearing unpressurize.: suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Coadition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condlition Condizion 2 Condition 3
X 2902 cm; 11.421n 30.77cm; 1211 in. 31.91 cm; 1258 in.
SD: 180 cm; 078in 142 cn; 05°1n 1.680 cm; 0.63in.
V% 6.87 401 5.01
38
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FIST CIRCUMFERENCE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpre ssurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimaters Percentiles  Inches Centimeters Percentiles  Inches Centimeters Percentiles  Inchee
3211 85 TH 1264 3287 S TH 1254 40 9 TH 1342
3183 66 TH 1253 3272 60 TH 1288 3381 90 TH 1338
3144 8 TH 1238 3247 8 TH 1278 372 & TH 137
3105 8 TH 1222 221 80 TH 1268 351 8TH 1319
067 7STH 1208 3198 7S TH 1258 333 7TSTH 13l
3032 T0TH 1184 3172 T0TH 1248 3807 TOTH 13.02
2097 65TH 1180 3150 65 TH 1240 328 65 TH 1293
2964 O60TH 1167 3128 60 TH 1232 325 6 TH 1283
2932 S5TH 1154 3107 SSTH 1223 3233 S5TH 1273
2300 S0TH 1142 3087 S0TH 1218 3200 S0TH 1262
2869 45 TH 1129 3067 45 TH 1208 3177 44 TH 1251
2838 WTH 1117 3048 40TH 1200 J3ié8 4WTH 1239
2508 35 TH 1108 3028 3BTH 1102 .17 I TH 1227
21T 30TH 1093 3008 J0TH 1184 08 WOTH 12M
27.45 25 TH 1081 29.87 25 TH 1176 05 S TH 1201
2713 . 20TH 1068 20.64 20 TH 1167 3015 2TH 1187
2079 15TH 1058 29.37 ISTH 1188 29.80 ISTH LT3
2643 10TH 1040 20.0. 10TH 1142 2949 10TH 1161
28.02 STH 1028 28.19 STH 1118 20.44 STH 1=
Percentage Increase of the Percentage Incveass of the
Individual Differences (Averaged) Means
Condition | ¢2 Bese Condition 1 & Bam
Condition 2: 6.26% Condition 2: 6.00%
Condition 3: 10.22% Condition 3: 9.90%
39
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Fist Circumference

A measure of the circumference of the tight fist taken over the
knuckles

HUMAN ENGINEERING APPLICATIONS

" For—1) Determination of the minimum dimensions of spertures and workspaces desigoed to ac-
cept & man's fist

DESIGN CRITERIA

Number of inches necessary to include or secommodate approximately 95% of USAF rated
personnel:

Barehanded Unpressurized Pressurized
1234 in. 13 in., 13% in.
40
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Fange of Valuas for
Fist Circumfarence per Glove Size

inches {em)
9.00 10.00 11.00 12.00 13.00 14.00
(22.86) (25.40) (27.94}) (30.48) (33.02) (35.56})
GLOVE SIZE
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FINGER BREADTH;
DIGIT 2

Subject’s right index finger is in-
serted into a series of graduated "
boles. Record the diameter of the
hele which most closely approx-
mates the mavimum breadth of
the finger.

!

ANTHROPOMETRIC DATA (N=127)
Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurizad suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition } Condition 2 Condition 3
X 204 cm; 0.80 in. 2.37 em; 0.8% in. 257 cm; 1.0 in.
SD: 0.12 cm; 0.05 in. 0.11 cm; 0.05 in, 0.17 cm; 0.07 in.
V&: $.87 4584 848
Q@
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FINGER BREADTH;

CIGIT 2

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Condition 1: Subject wearing unpressurized suit but birehanded.
Condition 2; Subject wearing unpressurize suit and glovas,
Condition 3: Subject wearing suit and glovea nreesurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Cantimeters Percentiles  Inches Centimetery Percentiles  Inches Cewntingters Pevowntiles  Inches
225 S TH 083 255 S TH 100 282 STH 111
223 90 TH 083 253 90TH 100 273 90TH 108
221 8 TH 087 251 8 TH 099 270 8TH 108
210 8OTH 08 248 80 TH 098 268 80TH 105
2.09 TSTH 08 246 TSTH 097 266 TSTH 105
209 70TH 082 245 70TH 098 264 TTH 104
208 6 TH 082 243 6 TH 096 263 6GTH 103
208 60TH 082 241 600TH 095 261 0TH 103
207 55TH 082 240 SSTH 0064 260 SSTH 102
207 50TH 081 238 SOTH 094 258 SOTH 101
2.08 4 TH 081 237 4 TH 093 256 4 TH 1ot
208 40TH 081 235 44TH 093 254 TH 100
205 33TH 081 234 IJITH 092 2351 BITH 09
184 MTH o077 232 30TH 091 24 OTH 088
i%4 S TH 076 230 S TH 091 248 STH owm
183 20TH 078 229 20TH 0% 242 2VTH 085
192 ISTH 078 227 1ISTH 089 239 ISTH 0
191 10TH 078 L4 10TH 088 238 I0TH 083
1.91 STH 073 219 STH 088 2 STH 08
Pevcentape Increase of the Percantage Increass of the
Individual D Terences (Averoged) Means
Conduion | as Basw Condition | et Baas
Condition 2: 16.53% Condition 2 14.16%
Conditioa J: 26.41% Coadition J: 2595%
4
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Finger Breadth; Digit 2
The maximum breadth of the index finger

HUMAN ENGINZERING APPLICATIONS

For — 1) Sizing of apertures to permit entry of the index finger
2) Determinstion of muumum distaoce between cootrol buttons

. DESIGN CRITERIA

Number of inches nocesary to include or accomamodate spproximately 5% of USAF rated
personoel:

1 in. 1 in. 1% in.




Range of Values for
Fingor Breadth; Bigit 2 por Glove Size

inches (cia)
oo Q8o 0.90 L00 Lo
(.78} (203} {229} {254} {2.79)
SIZE .
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FINGER BREADTH;

A . DIGIT 3

8 ~
i T
< NS -

- e —

Subjsct’s right middle finger is
fnseried into a series of gradu- '
ated holes. Rocord the diameter i
of the hole which mest closely '
approximates the maximum
beeadth of the foger.

L—rwu«-»-. n b Vst e il #..-‘»—n-l

ANTHRCPOMETRIC DATA (N=27)
Conditior 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unptessurized suit and gloves.
Conditicn 3: Subject wearing suit and gloves pressurized to 35 psig.

Condition 1 Condition 2 Condition 3
X: 208 cm; 0.82 in. 242 cm; 0.85 in. 262 cm; 1.03 in.
SD: 0.13 cm; 0.05 in. 0.12 cm; 0.05 in. 0.168 cm; 0.06 in.
V%: . 6.08 495 6N
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FINGER BREADTH; =\
DIGHT 3 e

ANTHRGPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition i: Subject wearing unpressurized suit but bareharnded.
Condition £ Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Cendition 2 Condition 8
Centimeters Percentiles  Inches Centimeters Percentiler  Inches Centimetars Percentiics  Inches
225 85 TH 0.89 254 95 TH 100 2.84 s TH 112
224 80 TH 0.88 254 90 T 100 A 90 TH 1.09
223 85 TH 0.88 253 85 TH 1.00 273 85 TH 1.08
223 8 TH 088 253 8 TH 1.00 an 80 TH 1.07
222 75 TH 0.87 252 ™ TH 0.99 270 75 TH 1.08
221 70 TH 0.87 252 70 TH 0.99 2.3 70 TH 1.06
221 65 TH 087 25§ 65 TH 0.99 267 6 TH - 105
220 60 TH 087 250 60 TH 0.99 208 6 TH 1.06
209 5 TH 0.82 240 55 TH 0954 265 55 TH 1.4
206 50 TH 0.82 239 SOTH 094 283 S0 TH 1.04
208 4 TH 0.82 239 45 TH 0.54 261 45 Th 1.3
b Xird 40 TH 0.82 238 40 TH 0.94 2.60 40 TH 1.02
207 3B TH 0.81 K14 3 TH 083 258 35 TH 101
208 0D TH orl 27 30 TH 083 255 0 TH 1.00 %
205 25 TH 0.41 238 25 TH 093 252 25 TH 0.29 8
164 €0 TH om 238 20 TH 093 249 20 TH 098 ;
183 15 TR 07¢ 23 15 TH 093 248 15 TH o }
192 00TH 076 223 10TH 088 241 WTH 085 §)
199 STH O7Ts 292 STH 087 23  S5TH 08 £
[ =
i
Percentage Increase of the Percentage Increase of the :‘
Individual Differences (Averaged) Means ¥y
Conditicm | s Base Condition | as Bare |
Condition 2: 1581% Condition 2. 15.79% !
Conditicn 3: 25.67% Condition J: 25.38/%
47
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Fingor Breadth; Digit 3
The maximum brescth of the middle finger

HUMAN ENGINCERING APPLICATIONS

For — 1) Sizing of apertures to permit entry of the middlc finger
2) Determination of minimum distance between control buttons

DESIGN CRITERIA
Number of inches necessary to include or accommodate approximately 85% of USAF rated
personpel:
Barehanded Unpressurized Pressurized
1 in, 1 in. 1Y in.




Range of Values for
Finger Breadth; Digit 3 per Glove Size

inches (cm) 2
070 0.80 090 1.00 110 -
{1.78} {2.03) {2.29) (2.54) (2.79)
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GRI? BREADTH;
INSIDE

P i AR W

Subject holds 2 cone at the largest “ ,,2
circumference that he can grasp ' ‘
with his thumb snd middle 6n- /

gers just touching. Kecord the di- 1
ameter of the cone morrssponding 7
to this maximum cirmumference.

ANTHROPOMETRIC DATA (N=127)

Condition 1: Subject wearing unpressurized suit but barehauded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition J: Subject wearing suit and gloves pressurizad to 3.3 psig.

Condition ] Condition 2 Condition 3
X 487 cm; 1.921n. 43 cm; 1.720n, 40om; 159 in
SD: 0.4 cm, 0.184n. 0.40 cm; 0.16 {a. 0.47 om; 0.19 in.
VE: 813 612 11.7¢

Y




GRIP BREADTH;
INSIDE '

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized <uit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 pslg,

Condition 2
Centimeters Percentiles  Inches Centimeters Percentiles
5.55 95 TH 219 5.18 g5 TH
548 90 TH 216 5.03 90 TH
5.39 8 TH 212 4.90 85 TH
5.30 80TH 209 4.79 80 TH
5.22 75 TH 208 4.68 75 TH
5.14 70TH 202 4.60 70 TH
5.07 85 TH 1.99 4.52 65 TH
4.9 60 TH 197 4.44 60 TH
4.92 S55TH 144 438 55 TH
4.86 S0 TH 191 4.32 S0 TH
479 45 TH 189 4.26 45 TH
4.72 40TH 188 421 40 TH
4.68 35 TH 183 417 35 TH
4.60 30 TH 181 4.12 30 TH
453 2%TH 179 408 25 TH
447 20TH 178 4.03 20 TH
441 ISTH 174 3.98 15 TH
438 1I0TH 172 391 10 TH
432 STH 170 17 5TH
Peycentage Increase of the
Individual Differences (Averaged)
Condition ! a2 Base

Condition 1

Condition 2: 10.06%
Condition 3: 17.24%

51

Condition 3
Inches Centimeters l'ercentiles
2.03 483 95 TH
198 4.74 80 TH
1.93 483 8 TH
188 4.53 80 TH
1.84 4.43 7S TH
1.81 434 70 TH
178 4.28 85 TH
1.75 4.18 60 TH
1.72 4.10 55 TH
1.70 4.03 30 TH
1.68 3.96 45 TH
168 3.89 40 TH
164 382 33 TH
1.62 375 N TH
1.60 3.68 25 TH
1.59 3.60 ¥» TH
157 3.51 1S TH
154 340 10 TH
148 KA STH

Percentage Increase of the
Means

Condition | a1 Baze

Condition 2: 10.27%
Coundition 3: 17.56%




Grip Breadth; Inside

The diameter of the largest cylinGer that a man can completely .
enclose with the tips of his thumb and middie finger

HUMAN ENGINEERING APFLICATIONS

For 1) Determination of the maximum dianeter of rod shaped or cylindrical objects which a
man can complately enclose with the fingers of one hand; for instance, handles, struts,

building materials .
DESIGN CRITERLA
Number of inches necessary to include or accommodate approximately 85% of USAF rated
persoanel:
Barehanded Unpressurized Pressurized
1% in. 1% in. 1Y% in.




Range of Values for
Grip Breadth; Inside per Glove Size

inches (ca)
.00 1.50 200 2%
{2.54) (3.81) (5.08) (e.38)
SLOVE SIZE
A o — l
-t
m—
e ¢ o
s |
'S S—
¢ boobomm e |
-] by
- — —}
€ e ]
P o foe s —d
F e 4
by
]
[ ) L
—
o
.M
L]
foms g
[} -
|
}-—c—--ﬂ—--—‘
J SR
ey
[ 4
b
~— . — BAREHANDED - o —of
L = === UNPRESSURIZED e v = o
—— PRESSURIZED




Subject holds 2 cone at the lurgest
circumference that he can grasp
with his thumt and middle finger
just touching. Using the sliding
caliper, measure from the inter-
phalaagea! joint of the thumb to
the knuckle of the middle finger.

ANTHROPOMETRIC DATA (N=27)

GRIP BKEADTH;

o e . AP EPIRER A ED - w =5 A b

CUTSIDE
Tr v
-
L~
&.:° ;

l )
L -
‘-
L.. Bbas ¥ itk nod g B -

Coandition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Coadition 3: Subject weartng suit and gloves prevsurized to 3.5 psig.

Condition ]
X 1057 cm; 4.16 in.
SD: 0.78 em; 0.0 in.
V&: 3

Condition 3 Condition 3
10.00 cm; 4.2 in. 1180 cm; 464 in.
0T en, 0.8 in Lilem; 0. 4din
a8l 1%




GRIP BREADTH;
OUTSIDE

ANTHROPOMETRIC DATA EXPRESSED AS PENCENIILES

Condition 1: Subject wearing unpressurized suit but barchanded.
Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2

Centimeters Percentiles  Inches Centimeters Percendiles
11.75 85 TH 462 1L79 95 TH
1142 80 TH 430 1155 90 TH
11.28 8§ TH 44 1147 85 TH

118 B0 TH 439 1140 80 TH®
11.07 TSTH 438 11.33 75 TH
10.99 TTH 41 11.25 70 TH
1092 6 TH 430 11.16 65 TH
10.84 60 TH 427 11.07 60 TH
10.76 SSTH 424 10.9° 55 TH
10.68 5 TH 420 10.85 30 TH
10.59 45 TH 417 1073 45 TH
10.49 4OTH 413 10.60 40 TH
10.38 BTH 409 1045 3 TH
10.28 NTH 404 10.30 30 TH
10.13 BTH 199 16.13 25 TH
968 2TH 183 9.95 20 TH
9.80 1ISTH 168 9.78 13 TH
9.58 10TH A7 958 10 T
'\ STH & 952 S TH

Percentage Increase of the
Individual Differences ( Averaged)
Condizion ] et Base

Condition 2: 1.37%
Condition 3: 11.61%

Condition 3
Inches Centimaters Perceniiles
461 1371 95 TH
455 133 69 TH
452 13.03 8 TH
4.48 1281 80 TH
448 12.61 7S TH
443 1243 70 TH
439 1228 85 TH
4.38 1210 60 TH
432 11.84 55 TH
427 11.78 50 TH
422 1162 45 TH
417 1148 40 TH
412 11 35 TH
405 1113 0 TH
3, 10.95 &5 TH
v iom ) TH
k1.7 1059 1S TH
an 1041 0™
iTS 1031 3TH

Pevcentage Increcse of the
Measns

C. adition | ee Bose

Condit! » 2:

1.23%

Cundition 3: 11.84%

Inches
5.40
5.24
5.13
S.04
497
4.89

478
4.70
464
4353
431
4.6
4.38
43
44
41
410
4.08

2 TOr—




Grip Breadth; Outside

The maximum distance across the inost protruding joint of the
thumb and middle fngers with the hand grasping and completely
enclosing & cone at the largest diameter possible

HUMAN ENGINEERING APPUCATIONS

For — 1) Detenninatiun of the minimuem size of apertures to be eotered by the hand while grasp-
ing a cylindrical object

2) Minimum clesrance required beyood the range of movable handles to sccommodate
the hand

DESIGN CRITERIA

Number of inches necessary to include or 1ccommodate approximately 95% of USAF rated
persxmel:




Range of Values fcr
Grip Breadth; Outside per Glove Size

inches (cm)
3.00 3.50 4.00 4.50 5.00 580
t762) {8 39) (10.16) {1L43) (12.70) {1397
GLOVE 8izd !
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FINGER TiP SPREAD;
DIGITS 2.3

W

f

Subject’s right band is extended, ‘
palm down. Subject maximally {
spreads digits 2 and 3. With

sliding caliper, meusure the dis- -
tance in the region of the finger- N~
nail from the thenar side of digit
2 to the hypothenar side of digit 3.

N

ANTHROPOMETRIC DATA (N=127)
Coodition 1: Subject wearing unpressurized suitb t barehanded
Condition 2: Subject wearing unpeessurized suit and glaves.
Condition I Subject wearing suit and gloves pressurized to 3.5 peig.

Conduion ] Condition 2 Condition 3
X: 927 om; 365 in. 855 cm: 3B in. 75l om 288 in.
SD: 157 om; 062 in. 099 cm, 0.9 e 105em; 0.8l in

ve: 063 119 1189




FINGER TIP SPREAD;

DG

s 1-3

ANTHROPOMETRIC DATA EXPRISSED AS PERCENTILES

Conditicn 1: Subject weaning unpressurized suit but barchanded.

Conditioa 2 Subject weanag unpressurized suit and gloves.
Condition 3: Subject wearing snit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2
Centineters Percentiles  Inches Centimeters Pevceniles
1185 S TH 470 9.72 % TH
1152 WTH 4% 9.64 90 TH
1112 8 TH 438 954 8 TH
10n 80TH 44 943 €3 TH
1048 I5STH 412 932 75 TH
1017 70TH 4.0 919 0 TH
29 & TH 19 907 & TH
978 80 TH 3180 8.94 6 TH
941 SSTH 3In 880 55 TH
9.18 $HTH 362 8.64 50 TH
8.98 45 TH 3 851 45 TH
815 DTE Iy 835 40 TH
853 3STH 338 318 35 TH
832 BWTH 323 8.0l 30 TH
810 SSTH 319 731 25 TH
T.50 BTH Al 160 20 TH
181 ISTH 100 T 1S TH
19 10 TH 257 712 10 TH
4351 STH 268 6.53 STH

FPevcentage Decrease of the
Individusl Diff ercnces { Averoped)
Condiim | &t Base
Condivion 2: 8.39%
Condition 3: 17.00%
59

/

Condition 2
Inches Centrneters Pevcentiles
38 9.63 9 TH
386 873 90 TH
376 852 8 TH
371 8.35 80 TH
67 819 75 TH
3.62 805 0 TH
as? 791 65 TH
352 i 60 TH
3.48 763 S5 Th
341 149 < TH
335 135 4 TH
3129 721 4 TH
122 108 3 TH
315 699 XN TH
108 8.7s 23 TH
29 435 2 TH
290 641 15 TH
280 824 160 ™
270 all STH

Perceniage Decrecae of the
Megne

Condicion | 2 Base

Condition 2: 7.96%
Condition 3: 1899%

lacher



Finger Tip Spread; Digits 2-3

The greatest distance which a man can spread his index and
middle fingers, the measured distance includes the two finger tips

HUMAN ENGINEERING APPLICATIONS

For — 1) Maximum distance between two push buttons designed for simultaneous operation by
digts 2 and §

2) Maximum distance between two toggle switches designed for simultaneous operation
by digits 2 and 3

3) Maximum distar:ce between two finger rings or hooks designed for simultaneous opera-
tion by digits 2 and 3

DESIGN CRITERIA

Number of inches necessary to include or accommodate apurosimately 95% of USAF rated
personpei:

Barehanded Unpressurized Pressyrized

215 in. 2V2 in. 2V in.




Rarge of Values for
Finger Tip Spread; Digits 2-3 per Glove Size

inches {em}
2.00 250 300 350 4.0 4.20 5.00
({3.08) (6 33) (762} (@ 89) {10.16) (1.43} {i2.70)
CLOVE SIZE ]
| i B R | 1
A
‘ X Fet--
[T R ISR S
] He———— -4
e}
Heee— =y
c | O PR e | (
e o
| ot SR |
b Po =i
i b S S
[UUVHPRY U S |
€ bo-pmmmm - -~~~
—t— ]
b — e — - ————— ——— g
s e eed L —
: Rt b B
—_ _ 1 I I -
SRS S R
¢ V1 pheme= <4
| s ext— | _ - e —
et &
M bt
—t e e
v, A et s b 3 — P cm—— e— —.
[ o ———
..}
F-— — s ¢ w— e _‘
d L 5
H —
[ U
[ 4
. t
— . — BAREHANCLO N S —
L ~ <=~ UNPRLSSURIZED bowm -
~——— PRUSSURITLOD > -
61




FINGER TIP SPREAD;
DIGIS 2-4

Subject’s right hand is extended,

pabn down. Subject maximally
spreads digits 2 and 4. With slid-
ing caliner, measure the distance
in thz region of the fingernail
from the thenar side of digit 2
to the hypothenar side of digit 4.

ANTHROPOMETRIC DATA (N=17)

Condition 1: Subject wearing unpressuryw »d suit but barehanded.
Coadition: 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 35 paig.

Condition I Condition 2 Condition 3
X 1233 ¢m; 4568 in. 11.79 com, 463 in. 1047 cm, 4.12in.
SD: 183 cm. 0.84 in. 127 cm, 050 in. 1.08 ¢m; 0.42in.
Ve, 1321 1081 1029

a2




FINGER TIP SPREAD);
DIGITS 2-4

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILZS
Condition 1: Subject wear ng unpressurized suit bat barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimeters Pevcensiles Inches Cen imeters Percentiles  Inchea Centimetevs Percentiles  Inches
1465 8 TH 577 13064 g5 TH 537 1257 S TH 495
1460 9 TH 575 13.37 90 TH 52 11.88 90 TH 468
14.25 8 TH 561 13.12 8 TH 516 11.57 8 TH 436
13.8% 80 TH 547 1283 80 TH 508 1138 80TH 448
1358 7STH 534 12.6+ 75 TH 498 112 TSTH 442
1328 WTH 522 1245 TOTH 49 11.09 TH 437
1299 6 TH Sl 12.28 6 TH 484 10.58 6 TH 431
1275 60TH 502 12.i2 60 TH 477 10.82 60 TH 428
1254 S5TH 494 1100 S35TH 411 10.68 S5STH 421
1235 S0 TF. 488 1183 50TH 468 10.53 SOTH 415
1218 4 TH 480 11.69 45 TH 4.60 1037 STH 408
1203 OTH 473 1155 0TH 455 10.20 OTH 402
11.85 BT 468 1141 5 TH 449 1002 ISTH 394
117 30 TH 462 11.2s IOTH 44 9.8 30TH 388
1158 STH 455 11.08 25 TH 438 9.59 2STH 3718
1135 DTH 447 1083 20 TH 477 9.38 20TH 368
Rt 1ISTH 435 1052 15 TH 414 9.11 ISTH 359
1048 10 TH 412 1002 10 TH 395 887 10T 346
§96 STH 333 895 5 TH 8 883 STH 3@
Pescensage Decrease of the Percentage Decrease of the
Individugl Differences(Averaged; Means
Condition | as Bese Condition } a2 Bawe
Condition 2: 4.06% Condation 2. 4.62%
Condition 3: 1385% Condition 3: 15.00%
6l




Finger Tip Spread; Digits 2-4

The greatest distance which a man cen spr.ad his index and
ring fingers; the measured distance includes the two finger tips

HUMAN ENGINEERING APPLICATIONS

For — 1) Maximum distance between two push buttons designed for simultaneous operation by
digits 2 and 4
2) Maximum distance between two tnggle switches designed for simultanecus operation
by digits £ and 4

3) Maximum distance between two finger rings or hooks designed for simultaneous opera-
tion by digits 2 and 4

DESIGN CRITERIA

Number of inches nocessary to include or accommodate approzimately 85% of USAF rated
persoanel:

Barehanded Unpressurized Pressurized

3% in. 3% in. 3% in.




Range of Values for
Digiis 2-4 per Glove Siza

Finger Tip Spread;

inchas {(cm)
300 400 %.00
{7.62) (10.16) (12 70}
GLOVE SIZE
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FINGER TIP SPREAD;
DIGITS 2.5

r Nl 4 )

t \ S

~r

Subject’s right hand is extended, 1
palm down. Subject maximally
spreads digits 2 and 5. With slid-
ing caliper, measure the distance
in the region of the fingernail
from the thenar side of digit 2
to the hypothenar side of digit 5.

Y vimtaia

= A&—-v’-uv

" ANTHROPOMETRIC DATA (N=2;

Conditica 1: Subject *vearing unpeessurized suit but barehanded.
Condition 2: Subj:.t wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 paig.

Condition 1 Condition 2 Condition 3
X 1813 cm; 8.35 in. 15.19 cm; 58§ in. 1304 om, 5.13 in.
SD: 150 cem, 059in. 149cm, 0.59in. 138 em, 054 in
V& 0.32 9.83 1043

68




FINGER TIP SPREAD;
DIGIS 2.5

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but harehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves preswirized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Cendimeters Pevcentiles  Inches Centimeters Percendrler  Inches Centimaters Percentiles  Inches
18.20 9% TH 7.18 17.07 8 TH 672 1548 STH 609
17.80 90 TH 701 17.00 90 TH 6.69 14.67 0 TH 578
17.52 8 TH 690 18.71 €S TH 6.58 1435 8 TH 585
17.30 80TH 6381 16.41 80 TH 648 14.18 8 TH 557
17.11 5TH 674 16.14 75TH 638 14.00 TSTH 551
16.94 7TH 646 15.91 70TH 627 1358 70TH 346
16.78 8 TH 6681 15.71 6 TH 619 1372 6 TH 3540
1662 60 TH 655 15.55 60 TH 612 1357 60 TH 3SM
16.47 S5 TH 649 15.40 SSTH 608 1341 STH 528
16.32 SOTH 642 15.27 OTH 601 1123 S50 TH Ss21
16.15 S TH 638 13.16 44 TH s 136 TH 3513
1598 40TH 629 15.08 4 TH 5.93 1281 O TH 3504
15.50 IBTH 622 1496 B3TH 589 1257 BITH 485
15.58 VTH o4 1484 3 TH 5.84 1229 3 TH 4.84
1533 25 TH 0.04 1470 &STH 578 11.99 BTH 472
15.02 20 TH 5901 14.49 20TH 57 11.64 MDTH 458
1462 ISTH 575 1434 15 TH 557 11.27 ISTH 444
1400 10TH 831 13.42 I0TH 3 10.87 10TH 423
1285 STH 500 11.52 STH 4% 10.80 STH 417
Percentage Decvease of the Percentuge Decrease of the

Irdwidral Differences (Averaged) Means
Comduion | ar Base Coudition | ex Base
Candition 2: 562% Condition 2:  553%
Condition 3: 18.585% Comlition J: 19.16%




Finger Tip Sgiead; Digits 2-5

The greatest distance which a man can spread his index and
little fingers; the measured distance includes the two Snger tips

HUMAN ENGIMEERING APPLICATIONS

For —1) Maximum distance betweer. two push buttons designed for simultancous operation by
digits 2and 5

2) Maximum distance between iwo toggle switches designed for simultancous operation
by digits 2and 5

3) Maximum distance between two finger rings or hooks designed for simultaneous opera.
tion by digits 2 acd 5

DESIGN CRITERIA

Number of inches necessary to include or accommaodaie approximately 5% of USAF rated
personnel:

Barchanded Unpressurized Presmarized
3 ia. 4% in. 4 in.
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Range of Values for
Finger Tip Spread; Digits 2-5 per Glove Size

inches (cm)
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HAND SPREAD;
MAXIMUM

: \, .
Subject extends his right band \ . ;‘ ’
and spreads all five digits as far -
apa.t as possible. With a shding
or beam caliper, measure the ¢ }
maximum spread from the thumb ' 11
tip to the edge of the &4th digit. .
4

ANTHROPOMETRIC DATA (N=127)
Coadition 1: Subject wearing unpeessurized suit but barehanded.
Condition 2 Subject wearing unpressurized suitand | isves.
Condition J: Subject wearing suit and gloves pressunized to A5 paig,

Condition ] Condition 2 Condizion 3
X 2153 cm; 8.47 in. 1948 ¢, 768 in. 1702 cm; 870 in.
SD: 154em, 061 in. P42 0500a 153 cm, 062ia
V! 7.18 7.60 .30

o - ————



HAND SPREAD;
MAXIMUM

ANTHROPOMETRIC DATA EXPRESSED AS PZRCENTILES

Coudition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressun..ed suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Conditicn 2 Condition 3
Centimetors Pevcentiles  lnchzs Contim tevs Percentiles  Invhes Cendimeters Perceatdes  Inches
24.04 95 TH 946 2163 95 TH 854 19.48 STH 707
267 9O TH 932 21.27 90 TH 8.7 1822 ®TH 7157
23.32 8 TH 918 21.63 8 TH 829 18.50 8 TH 744
23.00 8TH 9Mm 20.84 80 TH 820 18.58 80TH 7131
2271 TSTR 8% 20.66 ISTE 813 18.27 TSTH 1719
2244 70TH 884 20.49 MmTH 80 1798 TTH 1708
2219 6 TH 8N4 032 6 TH 8§00 177 6 TH 897
2185 @ TH 8864 2014 60TH 733 179 6 TH 658
2172 S5TH 855 19.85 S$STH 785 17.17 S55TH 8768
21.49 SOTH 848 19.74 SOYH 177 16.91 S0OTH 668
2.7 45 TH 837 19.52 S$STH 769 16.60 A5TH 658
21.08 4TH 829 19.29 0WTH 139 16.41 HTH 0648
20.83 3STH 820 1903 BJITH 748 16.16 I3TH 838
20.60 TH &1 18.74 TH 738 1581 NTH 627
20.36 BITH 802 1843 25STH 198 15.68 ISTH 617
20.10 0DTH 9 18.08 MWTH 7.1 15.40 0TH 66
1941 ISTH 180 17.64 ISTH 685 15.13 I5TH $98
19.45 10TH 168 17.18 10T 875 1483 10TH 584
18961 STH 15 1858 STH o032 1450 STH s7M
Percentage Decrecse of the Pevcewtage Decrcanr of the
Indicidual Differences(Averaged) Xiccns
Condizion | et Baswr Condviom i «s Baw
Condition 2: 9.41% Condition 2: 961%
Condlilion 3: 2064% Condition 5: 2085%

n




Hend Spread; Maximum

The maximum distance (width) from thumb (o little finger of
the completely spread hand

HUMAN ENGINEERING APPUCATIONS

For —= 1) Determinatica of the maximum distance hetween buttons or coatrols designad to be acti-
vated sizwltancously by the thumb and littls finger

2) Determination of genens! workspace clearance where the hand will vperate at verious
degrees of spread including maximum

DESIGN CRITERIA

Number of inches necessary to include of sccommaodate approximately 95% of USAF rated
persoanel:

Borehended Unpressurized Pressurized
For apglication TV in. 6% in. 5% in.

Frsppliaion 9% i, 8% in. % in.
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Range of Values for
Hand Spread; Maximum per Glove $i--

inches {cm)
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MAXIMUM ROTATION;
SUPI: LATION

and grasps the knob on the meas-
uring instrument between his
thumb and forefinger. Subject
then rctates the knob to his right,
using only his hand, wnst, and
grm, until he achieves maximum

Subject extends his right hand g\ /h\\
{
l
]

supination of his right hand.
P gh — ) ¢
! !
< P ’.' ’ - [
- PPV b el £, “E."u&'jﬂ ‘M

ANTHROPOMETRIC DATA (N=127)

Condition 1: Subject wearing unpressurized suit hut barehended.
Condition 2: Subject weuring unpressurized suit and gloves.
Condition 3: Subject “vearing suit and gloves pressurized to 3.5 psie.

Condition 1 Condition 2 Condition 3
Y. 0187 18352° 120.10°
SD: 3.0 a5.n3° 27.30°
V%: 14.90 1858 2263

T4




MAXiMUM ROTATION;
SUPINATION

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition ). Subject wearing unpressusized suit but barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1
Degrees Perceniiles
280.534 95 TH
264.10 90 TH
255.97 85 TH
250.54 80 TH
245.60 75 TH
241.28 70 TH
977.08 65 TH
232.82 80 TH
22548 55 TH
22389 50 TH
219.05 45 TH
213 40 TH
208.43 35 TH

2.49 0 TH
196.08 25 TH
189.11 0 TH
1561.70 15 TH
174.44 10 TH
170.82 5 TH

Percentage Decrease of the

Condition 2
Degrees Prrcentiles
39.07 9 TH
237.50 90 TH
230.44 85 TH
222 86 80 TH
215.48 75 TH
208.58 70 TH
202.11 85 TH
196.13 & TH
190.57 55 TH
185.34 50 TH
180.44 45 TH
175.87 40 TH
171.53 3 TH
167.38 30 TH
183.35 25 TH
159.27 20 TH
154.86 15 TH
149.08 10 TH
137.87 5 TH

Individual Differences ( Averaged)

Condition | as Banr

Condition 2: 14.81%
Condition 3: 45.54%
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Condition 3
Degrees  Percenties
151.27 85 TH
151.12 90 TH
147.89 85 TH
144.16 8 TH
140.35 75 TH
136.64 70 TH
133.00 65 TH
120.46 60 TH
126.00 55 TH
12253 S0 TH
119.05 4 TH
11554 40 TH
111.87 B TH
107.96 20 TH
103.67 25 TH

9369 20 TH
92.54 15 TH
83.79 10 TH
67.68 $STH

Percentage Decrease of the
Means
Conddion | &t Base

Condition 2: 14.96%
Condition 3: 45.78%




Maximum Rotation; Supination
A messure of the meximum pumber of degrees a dial or object

may te tuned clockwise with a single turn, without covscious
shoulder movement

HUFAAN ENGINIEZING APPUCATIONS

Far —1) Determination of the maxirmm aumber of degrees a rotary switch may be turned
clockwise with one mcvement

2) Dotermination of the oumber of discreet motions by the operator to complets a task
involving repetitive rotary motion, ie., tightening & bolt ar screw

DESIGN CRITERIA

Number of degrees necossary to inchude or accommodate spprovimately 96% of USAF rated
parsonnel:

170° 137 67°
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Range of Values for
Maximum Rotation; Supinction per Glove Size

dogress
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MAXIMUM RCOTATION;
PRONATION

and grasps the knob on the meas-

uring instrument between his

thumb and forefinger. Subject

then rotates the knob to his left,

using his hand, wrist, and amm, '
unti] he achieves maximum pro- o ¢

nation of his right hand. _ N 0 {

N,

Subject extends his right haod |~
28
4

ANTHROPOMETRIC DATA (N=127)
Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition J: Subject wearing suit and gloves pressurized to 1.5 psiy.

Condition 1 Condition 2 Conaition 3
X 157.78* 128.52¢ 78.13*
SD: 23.75° 28.18* 20.37°
V: 1822 21.83 26.00
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MAXIMUM ROTATION;
PRONATION

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Conditioa J: Subject wearing unpressurized suit but barehanded.

Cundition 2: Subject wearing unpressurizad suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1
Degrees Percentiles
195.98 85 TH
183.05 9 TH
183.75 85 TH
179.24 8 TH
175.12 75 TH
171.29 70 TH
167.62 6 TH
164.07 @ TH
160.59 55 TH
152.10 50 TH
153.59 45 TH
150.07 40 TH
146.44 35 TH
14269 A TH
13877 25 TH
134.60 2 Td
130.18 15 TH
125.37 i0 TH
12052 5 TH

Percentage Decviase of the

Condion 2
Degrees  Fevcentiley
173.50 95 TH
163.62 90 TH
157.17 85 TH
152.05 80 TH
147.50 75 TH
143.32 70 TH
139.32 85 TH-
115.45 80 TH
131 3 55 TH
12176 50 TH
1285 45 TH
11988 40 TH
115.76 35 TH
11145 30 TH
10683 25 TH
102.12 20 TH

97.08 15 TH
91.78 10 TH
§71.38 S TH

Individual Differences (Averaged)

Conditom 1 &t Rase

Condition 2: 18.24%
Condition 3: 49.84%

Condition 3
Degrees Povcantiles
1104 85 TH
108.43 80 TH
103.12 85 TH

a7 80 TH
92.64 5 TH
88.04 70 TH
83.87 85 TH
80.11 60 TH
76.76 55 TH
7371 S0 TH
71.00 45 TH
68.60 4 TH
668.49 35 TH
64863 30 TH
a3ot 25 TH
81.55 20 TH
a0.11 135 TH
58.07 10 TH
5269 3 TH

Percentage Decrease cf the
Means
Condition | as Base

Condition 2: 13.54%
Condition 3: 50.35%




Maximum Rotation; Pronation

A measure of the maximum number of degrees a dial or object
may be tumned counter<clockwise with a single turn, without
conscious shoulder movement

HUMAN ENGINEERING APPUCATIONS

For — 1) Determination of the maximum number of degrees a rotary switch may be tumed
counterclockwise with one movemnent

2) Determination of the number of discreet motions by the oporatur to complete a task
involving rotary motiocn, ie., tightening & bolt or screw

DESIGN CRITERIA

Number of degrees necessery to include or accommaodate approximately 95% of USAF rated
personnel:

120° 87 a2*




Range of Values for
Maximum Rotation; Pronation per Glove Size
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GRIP STRENGTH

| :
Subject grasps the Smedley Hand @
Dynomometer, fully extends his s L

right arm, &nd squeezes the in- pt
strument. Recording is taken from L
the ‘nstrument. ‘. - 4
o 1
‘ -y --M

FORCE DATA (N=127)
Condition 1: Subject wearing unpessurized suit but barchanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Coadition J3: Subjuct wearing suit and gloves pressurized to 15 paig.

Cowdition } Condition 2 Condition 3
X 48.11 kg, 10584 1b. 35.89 kg; 78.96 1b. 3022 kg; 6A.49 Ib.
SD: 860kg, 18911b. 6.40 kg; 14.08 1b. 4.77 kg 1050 1b.
V&: 1787 1754 1359
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GRiP STRENGTH

FORCE DATA EXPRESSED AS PERCENTILES

(7

Coudition 1: Subject wearing unpressurized suit but barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2
Kidogroms  Pevcentiles Pounds Kilograms Pevcentiles
58.31 95 TH 12828 48.32 95 TH
5113 %0 TH 127100 44.42 o0 TH
55.99 85 TH 12319 4233 85 TH
4.9 8 TH 11945 40.90 50 TH
5275 75 TH 118.08 39.75 75 TH
5141 70 TH 11311 8T 70 TH
0.4 65 TH 11054 37.89 86 TH
4923 80 TH 10831 nm 80 TH
48.38 55 TH 10038 3829 $5 TH
4758 50 TH 1483 a5.52 0 TH
4890 4 TH 10318 M 45 TH
4629 TR 1018 398 40 TH
45.70 3 TH 10054 33.18 35 TH
45.09 NTH 9920 3232 30 TH
4438 2% TH 9165 3145 25 TH
441 MTH 651 3051 20 TH
4188 1ISTH 8208 2954 15 TH
38.77 1I0TH 829 25854 10 TH
A0 STH @10 185 STH
Pevcentage Decrease of the
Individual Differences( Averaged)
Condition | e Base

Condition 2: 24.68%
Coodition J: 30.48%

Condition 3
Pounds Kisgrams  Percentiles
108.30 38.74 g5 TH
97.72 35.73 80 TH
9113 482 85 TH
89.97 34.08 80 TH
§1.45 3.40 75 TH
85.20 3282 70 TH
83.37 231 85 TH
81.56 3183 60 TH
79.84 A® 55 TH
8.14 30,98 S0 TH
76.4) 3052 45 TH
472 0.0 o TH
7295 295§ 35 TH
7 00N 0 TH
69.18 83 5 TH
87.13 n42 0 TH
84.99 a1l 15 TH
6279 23.90 10 TH
ere 19.05 5STH

Percentage Decreane of the
Means
Condition | az Base

Condition 2. 25.30%
Condition 3: 37.19%

Pounds
80.82
78.60
76.60
7492
7347
7221
1707
70.03
.08
88.1¢
8T.14
68.10
65.08
684
#2312
80.32
ST

4180




G Strength

A measure of a man’s onc-veoded grip strength, while seated and
with arm outstcetched, taken on a commenially available hand
dynorometes

HUMAN ENGINEERING APPUCATIONS

$~v - 1) Determination of the smount of farce loading on double-handled squeeze controls
2) Limits of & man’s hand to hold onto something agrinst a foroe
3) Can be used with the coefficient of friction at the grasped surface

Nate: The impedance of the pressurized gloves in ftticg the hand into the handle of
the dynomometer affectad pesformance

DESIGN CRITERIA

Number of pounds aocessary to include or sccommodaie spproximately 95% of USAF mted
porsoonel:

Berchended Unpreasurizad Prassurized
Forupplintioos 67 i, 61 b, 41 Ib.
Fasppliacn 129 I, 107 Ib. 81 Ib.




Range of Values for
Grip Strength per Glove Size

pounds (R9)
25 80 78 100 128 150 )
{1138} (22.23)  (34.09) (45.43)  (36.82) (sa.is) {re.c6)
GLOVE 3SI1ZE !
A e et |
-
—
UM G
s -~
- =
L]
¢ S
—t
Hb —— — ) —— ﬂ
° N - 4
'———-——-—‘
4 e e |
€ po e -4
l -
VORI 1
¥ -
H
-
. He-=--
—H
" k-4
—4
el ma
t Pt
L)
- - = SAREMANCED
J $om-da - == - URPRLISUMZED
— ——— PRESIUMTED
« N Lass
e+ e f e+ e+ i
t | R et T |
o




L e e e e

MAXIMUM TORQUE;

SUPINATION
IRe
P 7
Subject grusps the mets] handle | -
with the shank between digits 2
and 3. His thurb touches the
finger rips. On signal, the subject
exerts his maxirzaum effort in tum-
ing the handle to his right. Read-
ing is takeo from memory device
oa the torquo wrench. :
| S
TORQU.: DATA (N=27)
Condition 1: Subject wearing unpressurized suit but barehandad.
Condition 2: Subject wearing unpressurized suil and gloves.
Condition 3: Subject wesring suit and gloves pretsurized to 1S peig.
Condition 1 Condition 2 Condition 3
X 12148 in.Th. luinh B in-h
SD: W22in-b B Hiadh 2590in.h
Ve %70 2105 k 1§Y




MAXIMUM TCRQUE;

SUPINATION

TORQUE DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barchanded.
Condition 2 Subject wearing unpressurized suit and gloves.
Coundition 3. Subject wearing suit and gloves pressurized to 35 peig.

Condition 1
Inch-Pounds Pevcentiles
178.95 85 TH
15934 60 TH
14928 85 TH
14249 8 TH
137.17 5 TH
13269 0 TH
12867 & TH
12492 a TH
1213 55 TH
11778 OTH
11418 O TH
11058 4™
100 K2 33 TH
a0 X TH
579 25 TH
S 20 TH
80.94 1S TH
53552 10TH
8.3 STH

Condition 2
Inch-Pounds Percentiles
151.38 85 TH
147.21 90 TH
143.59 85 TH
14028 80 TH
137.04 75 TH
13190 0 TH
13078 85 TH
127685 @ TH
124.49 S5 TH
1212 SO TH
IS 14 4
114 40 40 T™
110.73 35 TH
108 53 X TH
10263 S TH
88 00 M TH
AR 15 TH
8555 10 TH
T8 STH

Percentape Incecar/Decrecrw of the
Individual Diferences(Averaged)

Conditioa 2: 0.27% increase
Coadition 3: 19.54% decrense

Condition 3
ack-Pounds  Pecentiles
14208 95 TH
14028 90 TH
13569 8 TH
10.50 80 TH
LI8TS S TH
10973 70 TH
101.73 65 TH
99.50 & TH
213 SS TH
88.75 0 TH
8197 4 TH
8113 @ TH
8025 I3 TH
9u Y TH
1. 5. S TH
TS O TH
.S 15T
X 10 TH
SAG8 ST
Pevcenieze Decrvase of the
Mecra

Conditinn 2: 1 63%

Conditicn 3: 21 0%
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Naximum Torque; Supination
The oumber of inch-pounds & man cxw record on & torque wrench

by graspiog and tuming to his right (palms up) an attached
T-ber rod hundle

For — 1} Detzrotastion of the meximmsn resisiance aliowsbis on & rotary switch
£) Determinarion of the naximum ‘orgae for bolts, fastecess, ot
3) Lkaitation of man’s cepecity for traque armmd ac axis in or nesr hs forearm

GESIGN CHTWRIA

Nomuber of inch-prsads torque sacasrary to inckedo ar socomasdats spproximately 95% of USAF
wtod perscamel:

Barshauded Unprewarizad Fresxarizad

P npplicntions 3% in-ib. 79% b 33 in~ib.

Faapliatios 179 indb.  151% indb.  142% indb.
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Range of Values for
Maximum Torque; Supination per Glove Size

inch-poumnds
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MAXIMUM TORQUE;

PRONATIOM

T @

Subject grasps the metal handle
with the shank belween digits 2
and 3. His thumb touches the
finger tipa. On signal, subject ex-
erts hit maxmum effort ir turn-
ing the handle to his left. Read-
ing is taken from memory device
ou torque weench.

TORQUE DATA (N=27)
Condition 1: Subject wearing unpressurized muit but barchanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and glaves pressurized to 3.5 peig.

Condition ] Condition 2

X 153.89 in.-Ib. 161.48 in.-1b.

SD- $.02in . 4759 ia-Th
Ve 2995 2947

90

Condition 3

15130 in.-1b.
4684 in..1b.
3301




MAXIMUM TORQUE;
PRONATION

TORQUE DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3; Subject wearing suit and gloves pressurized %o 35 psig.

Condition 1 Condition 2 Condition 3
Inch-Pound: Percenidas Inch-Pounds Percentiles Inch-Pownds Percentiles
222 90 %5 TH 252.60 85 TH 24488 85 TH
203.80 90 TH 213.01 80 TH 20527 90 TH
183.19 85 TH 185.49 85 TH 185.20 85 TH
185.48 80 TH 185.38 80 TH 173,05 80 TH
178.99 75 TH 178.48 75 TH 164.54 75 TH
173.19 70 TH 173.38 70 TH 15864 70 TH
167.73 85 TH 169.19 65 TH 15417 65 TH
162.45 6 TH 165.54 60 TH i50.7¢ 60 TH
157.28 & TH 16214 55 TH 14810 55 TH
151.99 S0 TH 158.75 50 TH 145.89 S0 TH
146.62 4 TH 155.24 45 TH 14399 4 TH
141.14 40 TH 151.50 40 TH e 4 TH

135.44 5 TH 14730 3B TH' 14038 3 TH
129.48 30 TH 142.54 30 TH 13817 I TH
123.19 25 TH 138.92 25 TH 13525 25 TH
116.58 20T 130.08 20 TH 15081 20 TH
109.82 15 TH 121.48 15 TH 12090 15 TH
163.32 10 TH 109.79 10 TY 11074 10 TH
100.44 S TH 8249 5 TH 7352 5TH
Percentage Increase of the Percentage Increase/Decrecss of the
Individual Differences (Aceraged) Means

Coadition | co Base Coaditon | a1 Base

Condition 2: 6.30% Condition 2: 4.93% increase

Cenditina 3: 0.53% Condition 3: 1.65% decrezse

el




Maximum Torque; Pronation

The number of inch-pourds a man can record on a torque wrench
by grusping and turning an attached vertical rod to his left (palm
down)

HUMAN ENGINEZRING APPLICATIONS

For ~ 1) Determinatien of the maximum resistance allowable on a rotary switch
2) Determination of the naximum torque for hand tightened bolts, fasteners, etc.
3) Limitation of man's capacity for torque around an axis in o7 near his forewrm

DESIGN CRITERIA

Number of inch-pounds torque necessary to includs of accommeodate approcimately 85% of USAF
rated personnel:

Barehanded Unpregsurized Pressurized

Forspplicatoas 100 in.-1b. 92 in.-lb. 79 in.-ib.

Feappliaes 923 in.Ib. 253 in-lb. 245 in.db.




Range of Values for
Maximum Torque; Pronation per Glove Size
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HAND CLEARANCE AROUND KNOB;
. HYPOTHENAR

f—

Y
4
" L |
- | i
Subject extends his right hand 1 iy
and grasps the knob on the meas- . } \
uring instrument between his - R
thumb end forefinger. The xnob SO B
indicator points up to zero. Using T~y :
a vertical wooden block, measure | ! %
from the knob center to the most 3 :
protrusive point cn the hypoth- [ 1
enar surface of the hand. {
vt
AN x,\‘ s - ’\ . ,
Lﬂ-u—-w —loas ——is i ‘»-j
ANTHROPOMETRIC DATA (N=127)
Condition 1: Subject wearing unpressunzed suit but barehanded.
Condition 2 Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.
Condition 1 Condition 2 Condition 3
X 6.7 cm; 265 in. 8.28 om; 325 in. 947om: 373 in
SD: 1@ em; 04l ia 083em; 033 1.0l on; 040 in.
V% 1338 1003 10.69
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HAND CLEARANCE AROUND KNOB;
HYPOTHENAR

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Coundition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimaters Percentiler  Inches Centimeters Percentiles  Inches Centimeters Porcentiler  Inches
8.82 % TH 333 9.48 9 TH 373 1093 S TH 432
8.00 80 TH 319 8.23 90 TH 3& 10.63 80 TH 421
7.76 & TH 3065 8.03 85 TH 338 1051 BSTH 414
152 80 TH 29 897 80°rH 353 10.37 80 TH 408
733 TSTH 289 887 78 TH 349 10.25 TSTH 40
7.18 70TH 28 8.76 T0TH 345 1013 TOTH 39
7.08 6 TH 278 8.68 65 TH 341 10.01 6 TH 3%
695 @TH 274 858 60 TH 337 9.89 MNTH 18
6.85 55 TH 270 8.45 55 TH 333 977 55 TH 183
6.708 SOTH 266 8.34 SOTH 328 8.65 SHTH 380
8.67 4STH  26) 823 45 TH 324 952 STH &
659 40 TH 25% 8.10 40TH 319 9.38 LTH 3IN
6.49 B TH 258 197 3I3TH N4 922 LTH A
6.38 ITH 251 7.83 30TH 308 9.08 TH 357
6.25 &S TH 248 7.68 25TH 302 887 STH 349
6.08 20TH 239 751 207TH 29 865 DTH 341
5.82 I5TH 229 734 I5TH 289 8.40 I5TH 331
5.7 10TH 211 7.15 10 TH 281 807 10TH 2318
433 "TH 172 701 STH 27 182 STH 300
Percentope Increase of the Perceniage Fncrease of the
Individual Differsnces (Averaged) Means
Coadition | ¢1 Bare Condition | e5 Base
Condition 2: 24 TO% Conhition 2: 22.73%
Conditos 3: 44.33% Condstio. 3: 40.71%

(HUMAN ENCINEERING APPLICATIONS AND DESICN CRITERIA ON P. 100)
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HAND CLEARANCE AROUND KNC3;

PALMAR
—
. W ‘
Subject extends his right hand ‘
and grasps the knob on the meas-
uring instrument between his
thumb and forefinger The knob -~

is rotated 90 degrees from zero to
the subject’s right. Usiog a ver-
tical wonlen block, messure from
the koob ceuter to the most pro-
trusive point oo the palmar side
of the hand.

[ Y el o WO b
PP

ANTHRCPOMETRIC DATA (N=27)
Cordition 1: Subject wearing unperessurized suit but barehanded.
Condition 2: Subject wearing unpressurizes® suit and gloven.

Condition 3: Subject wearing suit and gloves press rized to 3.5 psig.

Condition 1 Condition 2 Condition §
X: 405cm; 1.60 in. 44} com. 174 in 431 em; 176 in
SD: 0T4cm. 09 in 08l om, 032 in 084 em, 037 in
Ve: 18.19 1830 079
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HAND CLEARANCE AROUND KNOS3;
PALMAR

ANTHROPOMETRIC DATA EXFRESSED AS PERCENTILES
Coadition 1: Subject wearing unpiessurized suit but barehanded.
“onditicn 2 Subject wearing unprassurized suit and gloves.
Condidon 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Cantimaters Peveentdes  Inches Centimeters Percentiles  Inches Centimeiers Percersirs  Iwchas
534 85 TH 210 5.70 95 TH 224 8.32 35 TH 249
J 5.19 90 TH 204 540 90 TH 213 5.90 90 TH 2.3
45 & TH 185 518 83 TH 20 5.60 §5 TH 220
473 80 TH 188 4% 80 TA 185 538 8 TH 211
453 75 TH 178 4.7 75 TH 183 5.1% 75 TH 203
438 70 TH 172 463 70 TH 1862 496 70 TH 168
420 65 TH 1.65 451 65 TH 7 4.79 6 TH 159
4.08 60 TH 1.60 441 80 TH 174 484 60 TH 182
394 55 TH 1.55 432 55 TH 170 449 5 TH i\
343 0 TH 1351 125 50 TH 167 435 50 TH 171
14 4 TH 147 416 45 TH 165 Bl &8 TH 188
366 40 TH 1.44 413 40 TH 1683 4.09 40 Tit 181
359 55 TH 1.41 109 25 TH 181 kit 33 TH 158
353 30 TH 1.39 405 50 TH 1.59 354 3 TH 151
348 25 TH 137 101 25 TH 1.58 AT 25 TH 147
34 20 TH 135 3% 20 TH 158 o ;4 2 TH 1.4
19 15 TH 134 3569 15 TH 153 st 1$ TH 13
3 i0 TH 131 375 10 171 148 g 10 TH 135
kR %} S TH 123 B 5 TH 132 34l STH 134
Percentage Increcee of the i ercentage Increcse of the
Tadsoedua! Defference: (Averaged) Mezrs
Condaim | & Bese Coadéiom | a2 Bame
Conditian 2: 10324 Condition 2:  8.85%
Conshition 3: 15.04% Coralition 3: 11.35%

{RUMAN ENCINEERING APPLICATIONS AND DESICN CRITERIA ON P. 109)
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HAND CLEARANCE ARCUND KNO3;

€

Subject estends nis ripht band
and yrasps the knob on the meas-
uring instrument between his
thumb and forefinger. The kncb
is rocated 180 degrees from zero
to the subject’'s right. Using ver-
tical wooden blocks, megsure from
the most protrusive point on the
hypothenar side ' the most pro-
trusive point oo the theoar sida
of the supinsted hand.

ANTHROPOMETRIC DATA (N=27)
Coadition 1: Subjact wearing unpees: nrized suit but barehanded.
Conditicn & Subject weeting unpeetsurized suit and gloves
Coodition X Subject wearing st and gloves prewsurizad to 5 pig.

SD:
Ve

Coovidion 1

100 om, 40l in
080 cm, 03l in
T84

SUPINATED HAKD

IS - NIy SAerrseim = e 11 A v o @ - —— —— ey

Condition 2 Condit” 23
118 cm, 4400 1180em 458
080 cn, 055 i 0B) e, 03] in

sal a2
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HAND CLEARANCE ARGUND KNG3; /
SUPINATED HAND

ANTHRCPOMETRIC DATA EXPRESSED AS PERCENTILES
Condition 1: Subject wearing unpressurized suit but barehanded.
Coaodition 2: Subject wesring urpressurized suit and gloves.
Coundition 3: Subject wearing suit and gloves pressurized to 3.5 peig,

Condition 1 Condition 2 Cowistion 8
Cewtimetsrs Porcemiilas  lnches Censimatere Perrensiles  Inches Centimstes Porceniies  Iuches
1112 6 TH 438 1233 85 TH 458 1305 BTH 514
11.08 90 TH 435 1219 80 TH 4.80 1280 80 TH 304
1.0 8 TH 133 1203 8 TH 473 1287 85 7H 4.
10.95 80 TH 431 1188 80 TH 468 1237 - 80 TH 487
10.69 75 TH 429 1175 75 TH 46 1218 TS TH 4.5
10.79 70 TH 425 1183 70 TH 458 1202 70 TH 473
1068 65 TH 420 11.32 85 TH 454 1187 65 TH 487
1053 0 TH 415 11.43 60 TH 4.50 11.74 & TH 4623
1037 $5 TH 406 1133 55 TH 448 1161 S&ETH 457
1025 SO TH 404 1125 50 TH 443 1149 SO TH 452
10.14 45 TH 399 1117 45 TH 4.40 1133 & TH 448
10.05 40 TH 8 11.09 LT 437 1127 4 TH 444
eo7 ISTH 22 1| 35 TH 434 1317 35 TH 440
¥2°) ITH a3e 1085 ¥ TH 43! 11.08 X TH 4.38
958 BITH AT 1058 25 TH 438 1098 S TH 43
0.52 20 TH TS 1050 20 TH 425 39 N TH 430
047 ISTH 3171 1072 1S TH 422 1054 15 TH 427
241 10 TH i 1081 10 TH 418 107§ I0TH 424
847 STH 13 1042 3TH 410 1074 STH 42
Fercenisge [ncrecse of the Perceniage Increcse of the
lediciduyci Differencea (Avereged) Mecrma
Comiairn | a0 Baso Coamdtion | es Beree
Coadition 2: 1001% Conddstion 2. 10.29%
Coaditiot 3: 15.46% Condition 3: 14.32%

{HUMAN ENCINEERING APPLTCATIONS AND DESICN CRITERIA ON P. 100)
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Hand €learance Around inob

Three dimensions taken to measure the spatial requirements of
the hand while grasping a rotary knob turned to various positions

HUMAN ENGINEERING APPLICATIONS

For —1) Use A to determine the minimum clearance to the user’s right for a rotary knob

2) Use A and B to determine the minimum clearance on both sides or the radius of min;-
mum clearance around & rotary knob dasigned to turn 90 degrees

3) Use A and C to determine the minimum clearance on beth sides or the diametes of mini-
mum clearance around a rotary koob designed to turn 180 degrees

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximataly 85% of USAF rated
personnel:

Barehand:d Unpresaurized Pressurized

A 3% im. 3% in. = 4% in.

B 2Y4 in. 2% in. 2% in.

¢ 4Yz in. 3 in. oY in.
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Rangs of Yalues for
Hand Clearance Around Knob; Hypoinenar per Glove Size

iches (cm)
.80 2.%0 380 ’ 450
(38} (6.3%) 18 9%) (11.43}
GLOVE SIZE ¢
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Range of Valuas for
Hand Clearance Around Knob; Palmar, per Glove Size

iaches (cm)
L00 1.80 200 2.%0 3.00
(2.84) {3.81) (3.08) (a.35) (7.62)
GLOVE MZE o
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Range of Vaiues for Hand Clearance
Around Knob; Supinated Hand per Glove Size

inctas (em)
3.00 3150 4.00 450 300 5.50
{7.62) {8.89) (10.16) (11.43) (12.70) (i297)
GLOVE Sizg]
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HAND SPREAD ACROSS WEDGE-I;
DISTAL JOINT OF DIGIT 1 TO DISTAL
JOINT OF DIGIT 2

oy

7
.

Subject places his right hand on

the measuring wedge so that the .
distal joint of his thumb is on the

Jght edge of the wedge and the ™ -
distal joint of digit 2isontheleft  §

edge of the wedge. Subiect slides “
his hand down the sides of the

wedge to the maximal spread

while maintaining joint contact

on the edges. Reuding is taken at N

the last % inch live completely o
cleared.

-

ANTHROPOMETRIC DATA (N=27)
Coudition 1: Subject wearing unpressurized suit but berehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and glaves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
X 124 cm; 48 in 10.37 cm; 4.08 in. 8859 cm; 350 in.
SD: ldlem; 0.55in. 127 cm; 050 in. 127 om; 0.50 in.
V% 11.34 1294 1429
104
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HAND SPREAD ACROSS WEDGE-I

7
ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES ‘
Condition 1: Subject wearing unpressurized suit but barehanded,
Condition 2: Subject wearing unpressurized suit and gloves,
Coudition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimetere Percentiles  Inches Centimeters Percentiler  Inches Centimsters Perorntiles  Inches
1465 O TH 577 1240 95 TH 488 1128 95 TH 444
14.39 80 TH 567 12.24 90 TH 482 10.44 0 TH 411
14.02 8 TH 5.52 1185 85 Tii 4.70 10.10 8 TH 397
13.68 80 TH 538 11.65 80 TH 459 9.89 0TH 318
% T5TH 526 138 T5TH 448 973 TSTH 383
1308 T0TH 515 1112 70 TH 438 959 7T0TH 378
12.83 65 TH 5.056 10.88 85 TH 4.28 9.45 a8 TH 372
1261 60 TH 498 10.85 66 TH 4.19 9.31 60 TH 367
1240 S5 TH 488 Y0.44 55 TH 411 9.18 SSTH 361
1222 50 TY 481 1024 SOTH 403 800 S0OTH 354
1205 45 TH 474 1005 45 TH 396 882 45 TH 347
11.49 0 TH 438 887 40 TH 388 863 40TH 340
11.74 35 TH 4.62 9.69 35 TH 382 841 BITH 33
1150 ¥ TH 4.58 9.53 X TH 375 8.18 ITH 322
1144 25 TH 450 .37 25 TH 369 782 2STH 312
1128 20 TH 443 9.21 20 TH 3.62 7.83 HTH 300
11.04 I5TH 435 9.04 I5TH 3158 7.3 I5TH 289
068 10 TH 420 8.85 10 TH 349 7.08 I0TH 278
.83 STH 387 8.57 STH 337 7.01 STH 278

Percentage Decrease of the Percentage Decream of the
Individual Differences (Averaged) Means
Condithm 1 as Base Condition | ar Bese
Condition 2: 18.24% Cordition 2: 1651%
Condition 3: 28.09% Condition 3: 2842%

105
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Hand Spread Across Wedge-1
Dista! joint of digit 1 to distal joint of digit 2 ~ A measure of the

gripping spread between the last or outer segments of the thumb
and index finger

HUMAN ENGINEERING APPLCATIONS

For — i) Determination of the maximum size of wheels to be grasped and/or turned by thete
two segments of t~¢ hand

DESIGN CRITERIA
Number of inches necessary to include or accommodate approximately 85% of USAF rated

personnel:

Barehanded Unpressurized Pressurized

3% in, 3Y in. 234 in.

108
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Range of Values for
Hond Spread Across Wedge-1 per Glove Size

inchas (cm)
250 3.50 4.50 5.5¢ 6.50
{5.28) (8.89) (i.43) (13.97) Us.sn
GLOVE $IZE -
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.
' ] p HAND SPREAD ACROSS WIDCGE-2;
% DISTAL JOINT OF DIGIT 1 YO DISTAL
' (( JOINT OF DIGIT 3
R \" S ——

Subject ploces his right hand on LY
the meamiring wedge so that the —
distal joint of his thumb is on ths
right edge of the wedge and *hs :
distal joint of digit 3 is on the left
edge of the wedge. Subject slides
his hand down the sides of the
wodge to the mazima! spread 4
while maintaining fjoint contact S E
on the edges. Reading is taken at
the last % inch line completely
cleared.

ANTHROPOMETRIC DATA (N=127)
Coundition 1: Subject wearing unpressurizad suit but barebanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 35 pag.

Condition 1 Condition 2 Condition 3
X 1458 om; 574 in 1228 am; 481 in 10.02 cm; 394 in
SD: 1.48 em; 058 in. 1.30cm; 051 in. 1.48 om; 0.57 in.
Ve 10.16 1063 1457
108
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HAND SPREAD ACROSS WEDGE-2

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Conditicn !: Subject wearing unpressurized suit but barehanded.
Coadidon & Subject weariug ur.pressurized suit and gloves.

Conditiou 3: Subject wzaring suit and gloves pressurized to 3.5 psig,

B Sy

L e e~

-

L TR

v e 4N eba -

Condition 1 ondition 3 Conditica 8
Contimelors Porcenties  Inches Contimators Porcentiles  Inches Contimetors Porcontiles  Inches
18.10 8 TH 1713 1422 % TH 5.060 1219 S TH 480
16.82 90 TH 602 14.13 90 TH 5.58 11.97 WTH 47
18.07 85 TH 6.3 13.80 85 TH 543 11.74 8 TH 482
15.58 80 6.1 15.47 80 TH 531 11.52 80 TH 453
15.18 ki) 5.88 13.17 ™S TH 5.18 1129 BTTH 448
14.88 70 5.88 12.89 70 TH 5.7 10.08 TTH 432
14.64 & 5.76 12.64 65 TH 4.98 10.19 6 TH 401
14.44 60 5.63 1242 80 TH 489 10.02 600TH 185
14.27 §.62 1221 55 TH 481 9.96 S55TH 88
14.13 SOTH 556 1203 S0 TH 474 .71 SOTH 383
14.01 4 TH 551 11.87 45 TH 467 o.62 4TH 3IW
1380 4 TH 547 1L.72 40 TH 461 952 T AT
1381 35TH 54 11.58 35 TH 4.50 9.4 SFTH AN
1372 0 TH 5.40 11.45 0 TH 4.5 .33 X TH am
13.83 S TH 537 1.3 25 TH 445 921 STH 38
1354 0TH 533 1117 2 TH 440 868 MTH I
1340 15 TH 528 10.968 15 TH 432 8.78 15TH 34
13.18 10 TH 519 1065 10 TH 4.18 842 IOTH A
1263 5 TH 497 9.81 S TH 3.86 7.4 5TH 2
Percentagz Decrease of the Percentages Decreess of the

Individual Differences (Averuged) Means
Comdition | ax Base Conciition | as Baee
Condition 2: 15.90% Conditicn 2: 18.12%
Condition 3: 31.00% Coalitlon 3: 31.28%
109
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Hand Spread Across Wedgs-2

Distal joint of digit 1 to distal joint of digit 3 — A measure of the

grioping spread between the last or nuise segments of the thumb
and middle fingers

HUMAN ENGINEERING APPUCATIONS

For —1) Determinstion of the maximum size of wheels 0 be grasped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 85% of USAT rated
persoagel:

Barehaaded Unpressurized Presrunized

4% in. 3% in. 2% in.

1i0
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Range of Values for
Hand Spread Across Wedge-2 per Glove Size

B PP

inches (cm)
250 3.0 4580 8.50 6.50 7.50
{6.35) (8.69) (11.43) (1397} {18.81) {19.03)
SLOVE SIZE ! 1
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HAND SPRZAD ACRCSS WEDGE-3;
DISTAL JOINT OF DIGIT 1 TO DISTAL

Sabject places his right hand on
the mcasuring wedze 3o that the
distal joint of his thumb is on the
right edge of the wedge and the
distal joint of digit 4 is oo the
¥t edge of the wedge. Subject
slidles bis hand down the tdae nd
the wedge to the marima’ rpread
while maintaining joint cootact
oo the odges. Reading is taken
at the last % inch lins completely
cosred

ANTHROPOMETRIC DATA (N=27)
Candition 1: Subject wearing unpressurizad suit but barchanded.
Conditicn 2: Subject wesring unpeessurized suit and gloves.
Candition & Subjoct wearing suat and gloves pressurizad to L5 xig,

SD:

Coadition 1

156G e 407 in
132cm 080 in
.53

JOINT OF DIGIT 4

v

i
!
J

Coadition 2 Condizion 3
1261 on; 466 in. 0.2 om; 408in
19 an . 051in 18 em; 080 in
1023 1454
112
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HAND SPREAD ACROSS WIDGE-3

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Coundition 1: Subject wearing unpressurized suit but barehanded.
Condition 2 Subject wearing unpressurized suit and gloves.
Coudition 3: Subject wearing suit and gloves pressurized to 35 peig,

Condition 1 Condition 2 Conditicn 3
Contimotsvy Peroantiles  Inches Centimaters Pevosmtiles  Inches Contime.sis Pevcetilee  Inches
1862 g5 TH 733 14.65 85 TH 577 1258 8 TH 456
17.79 80 TH 701 1445 80 TH 5.69 1245 00 TH 490
17.12 85 TR 6.74 14.08 85 TH 5.54 1209 85 TH 474
1658 80 TH 6.53 1373 8 TH 5.41 1173 80 TH 462
18.15 S TH 838 13.42 75 TH 528 1139 75 TH 449
15.79 70 TH 6.22 13.14 70 TH 517 1169 70 TH 437
15.48 65 TH 6.10 1200 65 TH 5.08 10.32 6 TH 42-
15.23 60 TH 6.00 12649 60 TH 5.00 1057 & TH 4168
15.02 55 TH 591 1251 55 TH 4.3 10.34 S5 TH 07
14.84 SO TH 584 1235 SO TH 4.88 10.14 SO TH a0
14.69 «+. TH &78 1221 & TH O 481 065 STH O 12
14.57 4 TH 574 1208 40 TH 4.78 978 4 TH ass
14.47 ITH 570 1197 33TH 47 962 ISTH 170
14.40 0 TH $.67 11.87 ¥ TH 497 948 X TH AT2
14.34 25 TH 584 11.78 25 TH 463 930 S TH RS )
1428 0 TH 582 1163 20 TH 458 Ll 2 TH 1s)
1413 15 TH 5.5 1144 15 TH 450 890 13 TH 150
1400 10 TH 55! 1178 10 TH 438 8353 10 TH 158
133 STH $529 1007 STH 3W 18 STH A0
Pevcentage Decronse of the Perveniage Decrease of the

Indisidacl Diferences {Aoeraged) Hoans
Condcion | 62 Bam Condition | €3 Sune
Condition £: 15.02% Condition 2: 1825%
Condition 3: 3291% Coocbstion 3: 31128
113
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Py
\ <\ Kand Spread Across Wedge-3
Distal jolat of digit 1 to distal joixt of digit 4 — A measure of the

gripping spreed betwaen the last or vuter segments of the thumb
and ring fingers

KUMAN ENGINIERING APPLICATIONS
For — 1) Determination of the maximum size of wheels to be grasped and/or turned by these two

segments of the hand
DESIGN CRITERIA
Number of itnhes nocessary to include or accommodate approximately %% of USAF rated
persoanel;
Barehanded Unpresiurized Pressurized
sl in. 334 in. 3 in.

114
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Range of Valuas for
Hand Spread Acress Wodge-3 per Glove Size

inches {cm)
250 350 4,80 5.50 6.50 7.50 %0
(8.35) {ae9) {11.43) (13.97) {16.80 {19.08) {21.59)
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74 HAND SPREAD ACROSS WEDGE-4;

DISTAL JCINT OF DIGIT 1 TO DISTAL
JOINT OF DIGIT §

Subject places his right band on [ !
the measuring wedge 30 that the
distal joint of his thumb is oo the
right edge of the wedge and Lhe
distal joint of digit 5 iz on the
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maximal spread
while maintaining joint contact
on the odges. Reading is taken at
the last % inch line completely
cleared.

ANTHROPCMETRIC DATA (N=127)
Condition 1: Subject wearing unpressurized suit but barehanded.
Coodition 2: Subjoct wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurizod to 3.5 psig.

Condition 1 Cordition 9 Condition 3
X 1536 am; 6.05 in. 1264 cm; 5.08 in. 9.83 cm; 3.87 In.
SD: 13T om; 054 in 1.43 cm; 0.56 In. 158 cm; 0.62 in.
Ve 85 1113 1605
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HAND SPREAD ACROSS WEDGE-4 f

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Condition 1: Subject wearir:g unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 paig.

Condition 1 Condition & Condition 3
Centimeters Percentiles  Inches Cantimeters Porcentiles  Inches Cantimetors Porcontiles Inchas
1803 95 TH 711 1502 8 TH 592 1218 85 TH 478
1770 90 TH 687 1480 90 TH 583 1212 9 TH 477
17.22 8 TH 678 14.49 85 TH .70 1177 8 TH 48
1677 80 TH 660 1420 8 TH 559 11.39 80 TH 449
18637 75 TH 64 1403 T5TH 5§52 114 T5TH 435
16.01 70 TH 630 1388 70 TH 546 10.72 70TH 4%
1569 65 TH 6.18 13.64 6 TH 537 1043 6 TH 410
1541 60 TH 607 1330 60 TH 524 1016 @O TH 400
1516 55 TH 597 1256 S5 TH 4984 983 55TH 381
1494 SOTH 588 1233 S50 TH 488 972 SOTH a8
1474 45TH 580 1220 45 TH 4.8 9531 45 TH 373
1457 40 TH 3574 1211 4OTH 4T 9.35 401H 368
1442 33 TH 568 1208 35 TH 474 9.19 33TH 362
1430 30 TH 564 11.94 30TH 470 804 J0OTH 358
1420 25 TH 559 11.88 25 TH 467 88 & TH 348
1412 20 TH 558 177 20TH 484 8.0 20TH 348
14.05 15TH $§53 1156 ISTH 45¢ 843 1I5TH 33
13.97 10TH 550 11.37 10 TH 448 7.8 1I0TH JU4
1374 5TH 54 1082 STH 430 6.80 $STH 248

Percentage Decrease of the Percentage Decrease of the
Individual Diflerences (Averaged) Means
Condition | as Bese Coadition | es Bews
Condition 2: 16.31% Condition 2: 16.41%
Conditicn 3: 35.94% Conditica 3: 36.00%
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Hand Spreaed Across Wedge-4

Distal joint of digit 1 to distal }int of digit 5 — A measure of the
gripping spread between the last or outer segments of the thumb
and little finger

HUMAN ENGINEERING APPLICATIONS

For — 1) Determination of the marimum size of wheels to be grasped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necessary to include or accommodate approsimately 35% of USAF rated
personnel:

Barehanded Unpressurized Pressurized
Y4 in. 4Y4 in. 2% in.
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Range of Valuas for
Hand Spreed Across Wedge-4 per Glove Size

inchas {cm)
220 350 4.5 5.50 6.50 7.50
6.35) (889) (11.43) {13.97) (16.51) {19.08)
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/* HAND SPREAD ACOSS WEDGE-3;

DISTAL JOINT OF DIGIT 1 TO MIDDLE
JOINT OF DIGIT 3

Subject places his right hand on
the measuricg wedge so that the
distal joint of his thumb is on the
right edge of the wedge and the
middle joint of digit 2 is on the
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maximal spread
while maintsining joint contact
on the ndges. Reading is taken
at the last % inch line completely
cleared.

ANTHROROMETRIC DATA (N=27)
Condition 1: Subjoct wearing unpressurized suit but barchanded.
Coodition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2 Conditéon 3
X: 10.49 cm; 4.13 in. 9.17 cm; 3.8l in. 8.04 om; 317 in.
SD: 0.98 amn; 039 in. 0.92 om; 038 in. .99 ¢m, 0.39 in.
ve: 037 10.00 1234

12n




HAI!D SPREAD ACROSS WEDGE-5

ANTHROPOMEZTRIC DATA EXPRESSED AS PERCENTILES

Conditior. 1 Condition 2
Centimeters Percentiles  Inches Centimeters Percentiles
11.97 B TH 471 1099 35 TH
11.90 90 TH 468 1042 90 TH
11.68 8 TH 4.60 10.10 85 TH
11.48 80 TH 451 9.88 80 TH
11.24 73TH 443 9.70 75 TH
11.04 T0TH 435 9.56 70 TH
10.88 65 TH 428 9.43 85 T
10.69 60 TH 421 931 60 TH
10.53 S5STH 415 9.20 55 TH
10.38 S0 TH 409 9.16 50 TH
10.25 45TH 403 9.01 45 TH
10.12 40TH 198 892 40 TH
9.99 3B TH 393 882 35 TH
9.87 3TH 3189 873 30 TH
9.75 25 TH 384 8.64 25 TH
9.63 20TH 37 8.35 2 TH
9.48 ISTH 373 848 15 TH
8.27 10 TH 3.85 8.38 10 TH
8.83 5STH 348 829 S TH

Percentage Decrease of the
Individual Differences (Averaged)
Comdition | us Dase
Condition 2: 12.38%
Coundition 3: 23.02%

Condition 3
Inches Centimeters Percontiey
433 G.08 % TH
4.10 9.33 90 TH
398 9.15 85 TH
3.89 9.02 8 TH
382 8.90 5 TH
3.76 8.78 70 TH
371 865 65 TH
367 852 60 TH
3.62 8.39 55 TH
358 824 50 TH
355 8.08 4 TH
351 792 40 TH
347 174 35 TH
3.4 7.54 0 TH
340 738 5 TH
.37 7.08 N TH
iy 6.84 15 TH
39 6.58 10 TH
326 843 STH

Percentage Decrease of ths
Means
Condition ] ez Base

Condition 1: Subject wearing unpressurized sui* but barehanded.
Condition 2: Subject wearing uapressurized suit and gloves.
Coandition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 2: 12.58%
Conditicn 3: 23.36%

Inches




Hand Spread Across Wedge-5

Distal joint of digit 1 to middle jeint of digit 2 — A mea:ure of
the gripping spread between the last or outer seginent of tae
thumb and the middle segment of the index finger

HUMAN ENGINEERING APPLICATIONS

For — 1) Detertnination of the maximum size of wheels to be grasped and/or turned by these twe
segments of the hand

DESIGN CRITERLA

NMumber of inches necessary to include or accommodate approximately 85% of USAF rated
personnel:

Barehanded Unpresturized Pressurized

3% in. 3Vs in. 22 in.
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Range of Values for
Hand Spread Across Wedge-5 per Glove Size

inches (cm)
200 2.5 3.00 3.50 4.00 450 .00 350
(508) {6 3%) {762} {8 89) {12 18) {11 43) (12.71) (13.97)
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HAND SPREAD ACROSS WEDGE-6;
DISTAL !OiNT OF DIGIT 1 TO MIDDLE

Subject places bus right hand on
the measuring wedge so that the
distal joint of his tbumb is on the
right edge of the wexige azA the
middle joint of digit 3 is oo the
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maximal spread
while maintaining joint coatant
on the edges. Reading is taken
at the last % inch line completely
cleared.

ANTHROPOMETRIC DATA (N=127)

JOINT OF DIGIT 3

Condition 1: Subject wearing unpressurized suit but barchanded.
Condition 2: Subject weaning unpressurized suit and gloves.
Condition X Subjoct wearing suit and gloves pressurized to 1.5 psig.

Condition ]
X 1259 cm; 483 in.
SD: 121 cmn; 048 in.
V%: 9.5

Y 8
S; O ‘\§_‘ ;
LA L \\,
P
T
._\‘ . |
y N
AN
|
3 A
Condition 2 Condition 3
1049 o, 4.13 in. 8.96 cm; 253 in.
108 om; 043 in. 1.29com, 051 in.
1034 14.35
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HAND SPREAD ACROSS WEDGE-6

ANTHRCPOMETHRIC DATA EXPRESSED AS PERCENTILES /
Condition 1: Subject wean: g unpressurized suit but barehanded.
Condition 2; Subject wearing vrpressurized suit and gloves.
Conditior, 3: Subject wearu g swit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condision 3
Centimeters Percentiles  Inches Centimeters Perc.mtiles  Incher Centimeters Percantiles  [nches
14.65 85 TH 5T7 12.21 95 TH 481 1155 35 TH 4355
14.00 g0 TH 551 12.04 80 TH 474 10.72 90 TH 422
13.58 8§ TH S34 11.87 85 TH 4.6 1029 & TH 405
13.22 800TH 520 11.68 80 T™H 4.60 9.99 60 TH 3%
12.94 73TH 508 11.48 75 TH 451 9T7 S TH 185
1271 70 TH 500 H A 70 TH 442 9.58 70TH 3T
1251 65 TH 492 10.89 65 TH 4.29 942 65 TH an
1233 60 TH 485 10.21 60 Td 402 9.28 60 TH 3.685
1217 SSTH 479 10.15 55 TH 4.00 9.14 S TH 360
12.03 SOTH 44 16.08 S0 TIN 3y 9.01 S0 TH 355
11.90 S5 TH 499 10.03 45 TH 385 883 4 TH 350
11.78 40 TH 464 9.97 40 TH g 8.74 40TH 314
1167 B TH 459 991 35 TH 390 8.60 B THE 338
11.58 30 TH 4.55 9.85 30 TH 388 - 8.4 0 TH 332
1146 25 TH 451 9.78 25 TH 385 823 S TH 325
11.35 20 TH 447 0.65 20 TH 380 804 20TH 3.7
11.22 IS TH 442 9.42 15 TH Tt ™ 15 TH 3.08
11.05 10 TH 435 917 10 TH 381 738 1¢ TH 29]
1072 5 TH 422 8.84 5 TH 348 672 STH £635
Percentage Cecrease of the Percentage Decreaae of the

Indicrdual Differences (Averaged) Meary
Condutson | ar Rese Comcixion | a2 Base
Condition 2: 14 25% Condition 2: 1658%
Condstion 3: 28.77T% Coadition 3: I7.04%
125
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Hand Spread Across Wedge-6

Distal joint of digit 1 to middle joint of digat 3 — A measure of the
gripping spread between tire last or outer segment of the thumb
and the middle segment of the middle finger

e

—_—

HUMAN ENGINIERING APFLICATIONS

For —~ 1) Determination of the maxirum size of wheels to be grasped and/or tumed by these two
wgments of the nand

DESIGN CRITERIA

Number of inches necessary to include or acvommodate approumately 95% of USAF rated
personael.

Barthanded Unpressu~tzed Presrurced
4 1n. 3% in. 2¥2 in.
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Ronge of Values fer
Hond Spread Across Wedge-6 per Glove Size

inches (em)
200 100 400 500 600 700
{5 08) {162 {10 16) (12 70} {15.24) {t7.78)
GLOVE SIZE !
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HAND SPREAD ACROSS WEDGE-7;

DISTAL JOINT OF DIGIT 1 TO MIDDLE
JOINT OF DIGIY 4

; ~

Subject places his right hand on % O ) C\_‘ t
the measuring wedge so that the 'L» ,

distal joint of his thumb is on the  J\ ‘ \ S
right edge of the wedge and the . .
middie [oint of digit 4 is on the e N
left «dge of the wedge. Subject
slides his hand down the sides of | L _ i
the wedge tc the ma.imal spread . ) }
while maintaining joint contact 4 j
on the edges. Reading is taken at
the last *% inch line completely
cleared. .‘ 3

-

ANTHRCHPOMETRIC BATA (N=27)
Condition 1: Sub,ect werring uapressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Sukirct wearing suit and gloves pressurized to 3.5 puig.
£ & P PIg

Condition 1 Congition 2 Condition 3
X: 13.10cm, 5.16 in. 11.08 em; 4.36 in. 9.24 cm; 3.641n.
SD: 12 em; 047 in 1.2 cm, Q48 in. .84 cm, 057 in.
V. ¢.15 1096 1537
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HAND SPREAD ACROSS WZOGE-7

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Conditior, 1: Subject wearing unpressurized suit but barehanded.

Condition 2 Subject wearing unpressurized suit and gloves.

Cnndition 3: Subjrct wearing suit and gloves pressurized to 1.5 psig,
Condition } Condition 2 Condition 3
Centimeters Percentiles  [nches Centimeters Percentder  Inches Centimeters Percentiles  Inches
15.90 95 TH 581 1274 9% TH 5.0 12.19 5 TH 4.80
14.69 80 TH 5.79 12.53 90 TH 4933 1140 90 TH 4.49
1437 & TH 5.68 12.30 85 TH 484 10.85 & TH .27
1408 8 TH 558 12.10 80 TH 4.7¢ 1045 80 TH 411
13.83 75 TH 5.44 1150 75 TH 4.69 10.13 75 TH 3.9
11.59 70 TH 5.35 173 70 TH 462 9.88 70 TH 3.88
13.37 85 TH 527 11.58 685 TH 4355 9.64 85 TH 3.79
1118 60 TH 5.19 11.39 60 TH 4.49 9.44 60 TH 372
i2.%9 55 TH 5.11 11.24 55 TH 442 9.27 55 TH 3.85
12.82 50 TH 305 11.08 50 TH 4.38 9.12 5 TH 3.59
1265 45 TH 4.98 10493 45 TH 430 897 45 TH 3.53
12.50 40 TH 492 10.78 40 TH 4.4 884 40 TH 348
12.36 35 TH 488 1063 35 TH 418 812 35 TH 3.4
12.9¢ 30 TH 48] 10.47 30 TH 412 859 30 TH 3.38
1208 25 TH 478 10.31 25 Ti 408 545 &S TH 333
11485 20 TH 471 1013 20 TH 399 828 20 TH 3.28
1183 15 TH 453 9.93 15 TH 3981 8us IS TH 317
11.69 10 TH 480 968 10 TH 381 767 10 TH N
11.50 5 TH 483 930 5 TH 3.66 881 5TH 268
Percentage Decrease of the Percentoge Decrease of the
Individus! Differences (Averaged) Meuny
Conditton | ar Base Condition | c2 Baw
Conditiun 2: 1522% Condition 2. 15.42%
Conhition 3. 29.28% Contition 3: 28.47T%
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Hand Spread Across Wedge-7
Distal joiat of digit 1 to middle joint of digit 4 — A measure of the

gripping spread betwcen the last or outer segment of the thumb
and the middle segment of the ring finger

HUMAN ENGINEERING APPLICATIONS

For — 1) Determination of the maximum size of wheels to be grasped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately $5% of USAF rated
personnel:

Barehanded Unpressunized Pressurized

4% 1n. 312 in. 212 in,
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Range of Vclues for
Hand Spread Across Wedge-7 per Glove Size

inches (em)
2.00 ’ 300 400 5.0C 6.00
(.08} (r.62} (10.16) {12.70 {15.24}
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HAND SPREAD ACROSS WEDGE-8;

DISTAL JOINT OF DIGIT 1 TO MIDDLE
JOINT OF DIGIT §

Subject places his right hand on
the messuring wedge so that the
distal ioint of his thumb is on the
right edge of the wadge and the
middle joint of digit 5 is on the
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maxinal spread
while maintaining joint contact
on the edges. Beading is taken at
the last % inch line completely
cleared.

ANTHROPOMETRIC DATA {=127)
Cendition 1: Subject wearing unpressurized suit but barchanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 33 psig.

Condition ! Condition 2 Conditivn §
X 1341 cm, 528 in. 1141 om; 448 in. 8.96 cin; 3.53 in.
SD: 116 cm: 048 in. i32 am; 0.52:in. 148 cm; 058 in.
Ve 8648 1159 1958
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HAND SPREAD ACROSS WEDGE-8

ANTHROPOMETRIC DATA EXPRESSED AS FERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3

Centimeters Percentiles  Inches Centimeters Percenitles  Inches Cantimeters Percentiles  Inches
I 1591 95 TH 628 13.67 85 TH 538 11.69 95 TH 460
14.90 0 TH 587 13.45 90 TH 5.30 1098 90 TH 432
14.58 8 TH 5§74 13.08 8 TH 3513 10.57 8 TH 416
14.35 80 TH 565 1273 80 TH 501 1028 80 TH 4.05
14.17 75 TH 558 12.41 75 TH 4.89 10.03 TSTH 385
14.04 70 TH 5.53 12.14 70 TH 478 981 70TH 388
13.89 68 TH 547 11.90 85 TH 4.68 9.61 65 TH 378
1.7 60 TH 542 11.69 60 TH 4.80 941 8 TH 370
13.58 5 TH 53 1151 55 TH 4.53 922 S5STH 36
13.33 SO TH 595 1135 50 TH 447 9.02 SOTH 353
12.70 45 TH 5.00 11.20 45 TH 441 8382 45 TH 147
12.61 40 TH 497 11.08 40 TH 4.36 861 40TH 339
12.53 33 TH 49 1n.97 35 TH 432 8.39 3B3TH 320
1244 30 TH 490 10.88 30 TH 427 818 TH 321
12.368 25 TH 487 10.74 B TH 423 791 25 TH 3.11
1227 20 TH 483 1060 20 TH 417 763 20TH 300
12.13 15 TH 478 10.38 15 TH 4.09 n 1I5TH 288
11.98 10 TH 471 997 I0TH 392 6.9 10TH 24
11.79 5 TH 464 884 S TH 348 6.54 STH 257
Percentage Decrease of the Percentage Drcrease of the
Individual Differences (Areraged) Means
Condlition | &s Base Condition | cs Base
Coundition 2: 14.78% Condition 2: 1491%

Condition 3: 32.94% Condition 3: 31.18%




Hand Spread Acro:. Wedge-8

Distal joint of digit 1 to middle joint of digit § - A measure f the
gripping spread between the last or outer segmuat of the thumb
and the middle segment of the little dnger

HUMAN ENGINEERING APPLICATIONS

For — 1) Determination of the maximum size of wheels to be grasped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necessury to include or accommodate approximately 85% of USAF rated
personnel:

Barehanded Uspressurizcd Pressurized

412 ju. 3V in. 2V2 in.

14




Range of Yalues for
Hand Spread Across Wedge-8 per Glove Size

inches (cm) .
200 3.00 400 800 800 - 7.00
(5.08) (7.62) {10.16) {12.70% (15.24) {17.78)
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HAND SPREAD ACROSS WEDGE-9;

CROTCH I OF HAND TG DISTAL JOINT
OF DIGIT 2

Subject places his right hand on ~O z\ 3
) 3
the measuring wedge so that .
crotch 1 is on the right edge of g - .
the wedge and the dista) joint of F"‘ -
digit 2 is on the left edge of the
wedge. Subject slides his hand 1\ ]
down the sides of the wedge to . "™, : ‘
the maximal joint contact on the N , o )
edges. Reading is taken at the last
% inch line completely cleared.

ANTHROPOMETRIC DATA (N =127)
Conditnn 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subiect wearing unpressurized suit and gloves.
Coundition 3: Subject wearing suit and gloves preasurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
X 10.75 cm; 4.23 in. 9.29 cm; 3.60 in. 19T am; 3.14 0
SD: 1.09 cm; 8.43 {a. 1.14cm: 0.45 in. 0% m; 037 {n.
Ve 10.18 1222 1174
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HAND SPREAD ACROSS WEDGE-9

ANTHROPOMETRIC DATA EX?RESSED AS PERCEINTILES

Condition 1: Subject wearing urpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Centimeters Pevcentiles  Inches Centimaeters Percentiles  Inches Centimeters Percentiles  Incher
1229 8 TH 484 11.49 6 T 452 9.60 8 TH 378
1198 90 TH 472 1064 90 TH 416 9.45 9 TH 372
1183 8 TH 468 10.31 8 TH 4.0~ 9.20 8 TH 2.
1170 8 TH 461 10.13 8 TH 39 8.96 8 TH 353
11.59 STH 458 1000 735 TH 3% 873 T5TH 344
11.47 70 TH 452 9.89 70 TH 389 852 70 TH 335
1135 65 TH 447 9.78 65 TH 38 8.33 6 TH 328
1123 60 TH 442 2.67 60 TH 38! 8.15 60 TH 32
11.09 55 TH 4.7 9.55 55 TH 3.78 799 55 TH 314
10.84 50 TH 431 9.42 S0 TH 3N 184 SOTH 308
1078 45 TH 425 9.27 4 TH 365 1.70 4 TH 303
10.62 490TH 418 811 4 TH 359 157 4 TH 268
104 35 TH 411 8.92 I TH 351 T4 ITH 23
1023 30TH 40 8.7 TH 3148 733 30TH 289
1000 25 TH 394 8.0 25 TH 33 722 S TH 284
975 20TH 384 8.19 20TH 322 7.1 20 TH 280
9.48 ISTH 373 7.88 15TH 310 7.00 ISTH 278
918 10 TH 362 7.55 10 TH 2 6.88 I0TH 270
884 STH 352 1.4 STH 289 6.58 §TH 260
Percentape Decrease of the Percentage Decrease of the
indiciduul Differences(Averaged) Means
Condition | a1 Base Condition | es Base
Condition 2: 13.57% Condition 2: 13.58%

Cendition J: 25.65% Conditioa 3: 25.86%




Hand Spraad Across Wedge-9
Crotch 1 of hand to distal joint of digit 2 — A measure of the

sripping spread between the crotch formed at the juncture of the
thumb and forefinger and the last segment of the forefinger

HUMAN ENGINEERING APPLICATIONS

For = 1) Determination of the maximum size of wheels to be grasped and/or turned by these two
areas of the hand

DESIGN CRITERIA

Number of inches necessary to include or accomnudate approximately 95% of USAF rated
personnel:

Barchanded Unpressurized Pressurized

3% in. 234 in. 21 in.




Range of Values for
Hand Spread Across Wedge-9 per Glove Size

rehas (em)
200 2.350 130 3.50 4.00 4350 400 850
{5.08) (6 35) (r.62) (8 89) (10.16) {1143) (12.70) {1397)
GLOVE Size] !
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HAND SPREAD ACROSS WEDGE-10;

/ CROTCH 1 OF HAND TO DISTAL JOINT
¥ OF GiGIT 3

Subject places his nght hand ca
the mzasuring wedge so that
crotch 1 is on . . right edge of
the wedge and the distal joint of
digit 3 is on the left edge of the
wedge. Subject slides s hand
down the sides of the wedge to

the maxmal spread while main- N N {
taimng joint cortact on the edges. ' /'
Beading is taken at the last % PR }
inch line completely cleared. F\ A -
N {

ANTHROPOMETRIC DATA (N=127)
Conditron 1: Subject weanng unpressunzed suit but harshanded.
Condition 2. Subject wearing unpressunzed st and gloves.

Condition 3: Subject weanag suat and gloves pressunzed to 35 pug.

Condition ] Condizion 2 Condution 3
X 1238 om, 455 in. 1058 em, 417w $65 cm. 341 in.
3D 115cm. 043 in. 116 em, C 460, 102cm,. 040n.
V% 8.11 1035 1184

19




HAND SPREAD ACROSS WEDGE-10

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES (
Coadition 1: Subject wearing unpress.cized suit but barehanded. '
Condition 2: Subject wearing unpressurized suil and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Conduwn 1 Condition 2 Condition 3
Centimeters Percentirs  Inches Centuneters Percentdes  Inches Centimeters Percenties  inches
14.52 85 TH 5.72 12 41 95 TH 4.89 10.90 9 TH 4.29
1433 90 TH 5.64 12.01 50 TH 473 9.95 90 T1! 39
1401 85 TH 5.52 1181 85 TH 485 $.59 8 TH m
13.70 80 TH 5.39 11.68 80 TH 4.59 9.9 80 TH 370
13.42 75 TH 5.28 11.52 75 TH 433 927 7S TH 365
13.16 70 TH 518 11.35 70 TH 448 9.17 70 TH 38l
1293 65 TH 5.09 11.24 65 TH 442 9.09 65 TH 338
12.73 60 TH 5.01 11.09 60 TH 437 8.01 60 TH 155
1254 35 TH 4% 10.53 55 TH 430 892 S5 TH 351
1237 50 TH 487 10.76 S0 TH 423 883 $H TH 348
1221 45 TH 481 10.57 45 TH 4.16 872 45 TH 14
1208 40 TH 475 1037 0 TH 408 8 60 W TH .39
1185 35 Th 470 10.18 35 TH 4.00 8.48 33 TH 333
1183 30 TH 4168 953 30 TH 391 8.30 30 TH 37
1172 25 TH 482 969 25 TH 381 8.10 5 TH 3.19
11861 20 TH 4.57 942 20 TH 3N 187 D TH .10
1150 1S TH 453 915 1S TH 366 160 15 TH 29
1132 10 TH 448 8§91 10 TH 351 1.7 10 TH 258
1051 5STH 430 888 $ TH 148 852 $STH L
Percentage Pecrease of the Percentage Decreass of the
Individual Differences (Averaged) Mecns
Condim | e1 Bear Comdiym | ar Beme
Conhition 2 1557% Condition 2. 15 90%
Conditinn 3. 31.08% Condition 3: 31.24%
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Hand Spread Across Wedgs-i0
Crotch 1 of hand to distal joint of digit 3 — A measure of the

mmﬁngtprenébetweeut}wcmtch&mmdsttlm}unchmcfﬂw
dmmbmdﬁ:reﬁngeramit}whstw@wmdthemﬁdkﬁnga

HUMAN ENGINEERING APHUCATIONS

For-1) Ddermhaﬁonofﬁmmuhmmsiuofwhwhmbegnspednmywmwwdbythwem
aress of the hand

DESIGN CRITERIA
Number of inches pecessary to iacluzde or accomaaxate approximately 5% of USAF reted
pessonnel:

Barehanded Unpressurizad Preswurized

4% in. 3V in. 214 in.
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| Rangoe of Values for
Hand Spread Across Wedge-10 per Glove Size
nches (C‘a'
200 300 4 00 8.00 6.00
{3.08) {r62) (10 16) 4270 {15.24)
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Subject plices his right hand oa
the messuring wedge so that
crotch 1 is on the right edge of
the wedge and the distal joint of
digit 4 i on the left edge of the
wedge. Subject slides kis hand
down the sides of the wedge to
the maximal spread while main-
taining joint contact on the edges.
Reading is taken at the last %
inch line completely cleared.

ANTHROPOMETRIC DATA (N=27)
Condition 1: Subject wearing unpressurized suit but barel.anded.
Coadition 2: Subject wearing unpressurized suit and gloves.
Coudition 3: Subjoct weering s»it and gloves prescurizad to 3.5 pig

SD.

Condition 1

Qo0lom, 31200
140 om, 055 in.
10.74

HAND SPREAD ACROSS WEDGE-i1;
CROTCH 1 OF HAND TO DISTAL JOINT

OF DIGT 4

¢ FPTYTi

-3
¢
'(.

A

Condition 2 Condition 3
10.84 om; 4.3] ia. 8.75 cm; 3.4 in.
131 om; 0.52 In. 1.03 em; 0.40 in.
1187 11.74
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HAND SPREAD ACROSS WEDGE-11

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES
Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3

] Cantimsters Percantiles  Inches Centimeters Percentiles  Inches Centimeters Pevonruil Inchas
15.11 85 TH 595 13.68 85 TH 5.38 10.19 a5 TH 401
1479 90 TH 5.82 12.80 90 TH S5.04 985 90 TH 392
14.48 55 TH 5.70 12.39 8 TH 4.88 9.79 85 TH 388
1421 80 TH 5.59 12.13 80 TH 4T .68 80 TH 3.80
13.96 75 TH 549 1192 75 TH 408 9.54 5 TH 378
13.72 70 TH 540 11.74 70 TH 4.62 9.42 MTTH 371
13.51 8 TH 532 11.58 65 TH 4.55 929 65 TH .68
1331 60 TH SM 11.39 60 TH 449 0.16 60 TH 361
1311 55 TH 5.16 11.22 &5 TH 442 203 SSTH 1%
1283 50 TH 5.00 il.04 S0 TH 435 889 SOTH 350
1274 45 TH 5.02 10.85 4 TH 27 8.74 45 TH &
12.57 40 TH 495 10.65 4 TH 419 839 40 TH 338
12.38 33 TH 488 10.44 35 TH 411 8.42 35 TH 332
1221 N TH 4381 10.20 30 TH 402 8.5 IMTH 3185
1263 25 TH 414 9.85 25 TH 192 8.06 5 TH 317
11.84 20 TH 468 968 80T 3381 165 20 TH .09
118 15 TH 458 9.39 1S TH 70 T84 15 TH ol
1.7 I0TH 448 9.10 10 TH 358 741 100TH %
1089 5 TH 433 6.98 5 TH 354 EA<d STH 268

Pevcentage Decrease of tha Percersage D.crease of the
indtvidual Differences (Averaged) Mean:
Condition | ar Base Conditica | a3 309
Cosslizion £: 15.83% Conditica 2: 1581%

Conditica 3: 32.81% Coudition 3: JLT4%
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Hand Spread Across Wedge-11
Crotch 1 of hand to distal joint of Jigit 4§ — A measure of the

gripping spread between the crotch formed at the juncture of the
thumb and forefinger and the last segment of the ring finger

HUMAN ENGINEERING APPUCATIONS

For — 1) Deteaamination of the maximum size of wheels to be grusped and/or turned by these two
areas of the hand

DESIGN CRITER'A

Nuember of inches necessary to inchide or scoomenodate approximateiy 85% of USAF rated
personpel:

Barehanded Unpressurized Pressurized
4V in. 3% in. 2% in.
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Range of Values for
Hand Spread Across Wedge-11 per Glove Size

inches (cm) .
2.00 300 400 5.00 800 7.00
{s.08) t7.62) (10.16) (12.70) (15.24) (7.78}
GLOVE SIZE P T
A k-
e {
'——.—-—1{-..—‘
8 Ll D | '
e}
H- _'q
¢ b=~ ==
1
o |
] LRl d
4
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€ [0 Batadad
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r ]
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. F-t-d 1
—
| ol it |
W Ll el
—
—— . —— BAREHAKDED pe—q
' — — = — UNPRESSURIZED F-r-4
PRESSURIZED
i
J -4
1
—
K k-4
P
= —i—
[ 8 m———— =
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HAND SPREAD ACROSS WEDGE-12;

CROTCH 1 OF HAND TO DISTAL JOINT
OF DIGIT 5

Subject places his right hand on 3
the measuring wedge so that \
crotch 1 is on the right edge of . * ¢ ]
the wadye and the distal joint of P:

digit 5 is on the left edge of the
weodge. Subject slides his hand

down the sides of the wedge to

the maximal spread while main-
taining joint contact on the edges.
Reading is tuken at the last % PR
inch line completely cleared. :

ANTHROPOMETRIC DATA (N=27)
Cordition 1: Subject wearing unpressuiized suit but barehanded.
Coandition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 peig.

Condition | Condition 2 Condition 3
X 1272 om; 591 in. 1072 em; 4.22ia. 8.25 cm; 3.25 in.
SD: 151 om, 060 in. 145 cm, 057 in. 121 cm; 0.48 in.
V& 1188 1351 4.8
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HAND SPREAD ACROSS WEDGE-12

ANTHROPOQ/AETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.
Condition 2: Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig,

Condition 1 Condition 2 Condition 3

y Centimeters Perccntiles  Inches Cengimeters Peroentiles  Inches Centimetery Percentiles  Inches
14.65 s TH 577 13.33 B TH 523 1115 9 TH 439
14.56 90 TH 573 12.83 9 TH 505 1028 9O TH 404
1446 8 TH 569 1245 8 TH 480 973 8 TH 318
14.38 80 TH 568 1213 8 TH 478 9.37 80 TH 369
1427 TSTH 562 1184 75 TH 466 908 TSTH 157
13.73 70 TH 540 11.57 76 TH 455 884 TOTH 348
13.39 65 TH 527 1132 &6 TH 445 863 6 TH 340
1268 60 TH 49 .o 60 TH 438 844 O6GOTH 332
1257 S5 TH 4895 10.54 8§ TH 427 827 S TH 328
1243 WTH 4% 10.62 SOTH 418 811 S$HTH Aal9
12335 4 TH 480 1033 45 TH 403 7886 45 TH 349
1223 40 TH 448l 10.17 4O TH 401 780 4O TH 307
1208 BTH 478 9.95 ITH 312 766 IJITH 301
11.68 WTH 4N 9.74 WTH 38 75% TH 298
11.82 2B TH 408 9.52 ISTH 375 7.38 2TH 29
11.65 DTH 458 9.30 2 TH 368 720 2TH 233
11.42 1I5TH 450 0.00 I5TH 358 7.0 ISTH aT7
11.17 10TH 440 891 10TH 351 653 INTH 260
10.84 STH 47 8.84 STH 34 630 STH 280

Percentcge Decvess of the Percentage Decroase of the
Individual Differences (Averaged) Mecxs
Condition 1 as Bese Condition | an Bace
Conditioa 2: 15.55% Condition 2: 15.724
Coodition J3: 33.75% Condition 3: 35.14%
149
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Hand Spread Across Wedge-12

Crotch 1 of hand to distul joint of digit 3 — A measure of the
gripping spresd between the crotch formed at the jiuncture of the
thumb and forefinge: and the last segment of the little finger

HUMAN ENGINEERING APPLICATIONS

For — 1) Detaimination of the maximum size of wheels to be grasped and/or turned by these two
areas of the hand

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 85% of USAF rated
persoancl:

Barehanded Unpressurized Pressurized
4% in. 3% in. 2; in.




Range of Values for
Hand Spread Across Wedge-12 per Glove Size

inchas (em)
2.00 300 4.00 5.00 6.00
{5.08) (762) (10.16} {12.70) (15.24)
GLOVE SiZE PN IS B
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Section Il
MEASURING INSTRUMENTS

Sliding Caliper (dimensions 14, 13-16): a standard anthropometric instrument
Flexible Steel Tape (5-8): a standard anthropometric instrument

Beam Coalip+r (16): a standard antlwopometric instrument consisting of the upper half of a
stand.ird anthropometer

Finger Board (9-10): a %-inch thick, rigid plastic sheet, with a drilled series of graduated holes
ranging from W-inch to 1%-inch in diameter

Hand Cone (11-12): a hardwood cone, graduated into 24 equal sections ranging from 2 to 8
inches in citcumference

Rotation Box (17-18; 22-24): a S-inch diameter orotractor, marked in 10-degree intervals, fastened
on a 6 x 6 x 1%-inch cardboard box; weights are inserted to provide balance. A class C { basic-
ally a C-1 knob illustrated in HEGED, op. cit., p. 273) rotary knob mounted on a metallic
shaft penctrates the center of the pretractor. (See figure 3.)

Dynomometer (19): a Smedley Hand Dynomometer calibrated in kilograms and manufactured by
C. H. Stoelting Co., Chicago, 11l

Torque Wrench Assembly (20-21): a standard inch-pound torque wrench mounted freely as shown
in plate 3 on a plywood A-frame, used with a steel T-bar handle, %-inch in diameter, welded
to a W-inch diameter shank and %-inch socket

Wedge (25-38): & 24-inch long, l-inch thick hardwood measuring block, 8-inches wide at the bot-
tom and 2-inches wide at the top. (This slope provides a Y%-inch chapge in width for every
1-inch of length. The face of the wedge is marked with both actual width dimensions and
a numerical code. The code was used to facilitate vocalizing and recording measurements.)
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Figure 4 Moasuring lnstrvmann
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Ly agrtmACY

This report summarizes hand and arm dimensional, clearance, and strength data of 27
adult males wearing the A/P225-2 full-pressure suit., Thirty-six measures were obtain
under each of three conditlions: bare-handed: gloved and unpressurized; and gloved anﬁ
pressurlized. The data are both summarized for ail subjects and reported independently
by glove size wamn. Uses of the data are suggested and specific design values
iecommended.
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